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INTRODUCTION
This is one of a series of volumes presenting information on the subject of non-
R
destructive testing. The history behind the development of radiographic equipment is
long and gives credit to several men who worked many years developing and perfecting
the present day equipment.
The purpose of this volume is, not to delve into the history of X-ray equipment, but
present to the reader a solid, full range coverage of radiographic equipment now in
use. In the five chapters of this book you will find an elaboration of the basic theor;
of X-ray generation, a discussion which includes X-ray generation equipment, e.g.
the X-ray tube, its components, tube cooling, focal spot, etc.; power equipment,
circuits, rectification, and special electron accelerators; gamma ray source equip-
ment its ratings, and other related radiographic equipment. It is intended that upon
completion of this book, the reader will be well grwmded in his knowledge of radio-
graphic equipment, how it functions, and its role in nondestructive testing.
Before proceeding, it should be mentioned, that the reader should have previously
read Volumes I and II of the Radiography series.
:'	 >
tit
INSTRUCTIONS
The pages in this book should not be read consecutively as in a conventional book. You
will be guided through the book as you read. For example, after reading page 3-12,
you may find an instruction similar to one of the following at the bottom of the page --
0 Turn to the next page
• Turn to page 3-15
s Return to page 3-10
On many pages you will be faced with a choice. Fir instance, you may find a state-
ment or question at the bottom of the page together with two or more possible answers.
Each answer will indicate a page number. You should choose the answer you think is
correct and turn to the indicated page. That page will contain further instructions.
gress throug t e o ,' ­ tgnore-tire-	 _ARE ^,
PH	 1n9trucf ed wfien to turn the book around-And
read the up ide-down printed pages.
As you_,x111..,soon seep 4V-s-very simple
	just fol-low-Lastawkions.
TURN TO THE NEXT PAGE.
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CHAPTER 1 - X-RAY GENERATION
t
In preparation for a study of radiation equipment, we should become familiar with X-
rays and gamma rays. Let's review for a moment some information that was pre-
viously covered in Volume I.
X-Rays and Gamma Rays
X- and gamma, r2.ys are forms of electromagnetic radiation, like visible light and
ultraviolet light, infrared waves, and radio waves, they make up a part of the electro-
magnetic spectrum. The exact nature of electromagnetic radiation is still not fully
understood. It was considered at first to be a continuous wave motion continuously
radiating energy. Later it was believed to transmit or carry bundles of energy.
X- and gamma rays are distinguished by their shore wavelength. The wavelength
determines their energy or penetrating power. An inverse relationship exists such
that the longer the wavelength the less the penetrating power (soft wave) and the
shorter the wavelength the more the penetrating power. (hard wave) . In general, X-
rays and gamma rays:
• Will expose photographic film
• Will produce fluoresence and phosphorescence in some materials
• Are not affected by electric or magnetic fields
• Travel in straight lines
• Travel at the speed of light
• Are able to damage or destroy living tissue
• Sometimes appear to be waves and sometimes appear to be bundles of energy
Turn to the next page.
P.
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The only diff jrence between X-rays and gamma rays is their source. X-rays are pro-
duced in an X-ray generating machine and gamma rays are produced by a radioactive
decay process.
The Atom
Visualize a small uriverse with a center and satellites orbiting in space around the
center.
)01*""
^f
This is similar to the structure of the atom. The center being the -nucleus and the
satellites being electrons orbiting in different energy levels or shells around the
nucleus. The center, or nucleus, is made up of protons (positive charge) and neutrons
(neutral or no charge). The electronst in various orbital shells have a negative charge
and are therefore attracted to the positively charged nucleus.
6e
e ELECTRON (Negative charge)
® PROTON ( Positive charge)
*NEUTRON (No charge) ENERGY LEVELSOR SHELLS -
\^ NUCLEUS
1
Turn to the next page.
^t
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Electrons in each of the orbital rings or shells around the nucleus have very definite
(individually distinct), energy levels represented by their distance from the nucleus or
the energy required to occupy the orbit.
THE ELECTRONS POSSESS GREATER
It
	 ENERGY AS THEY GET FARTHER AWAY
FROM THE CENTER
HIGHER ENERGY RING\
LOWER ENERGY RING
I
I	 `	 ^
These energy levels vary for each element and increase (for a given shell) with the
density of the element.
Good, we now have some information to fortify our study of radiographic equipment.
Let's concern ourselves in this chapter with X-rays and we'll talk about gamma rays
in Chapter 4.
Turn to the next page.
t
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Are you ready? .	 Good - let's get started.
Requirements for X-Ray Generation
Let's generate some X-rays! To do this we must first satisfy three requirements:
• Have a source of electrons
• Have a means of propelling the electrons at higb speed
• Have a target to receive the impac t of the electrons
"Well, " you say, "Why do we need electrons to produce "-Nays ?"
Because X-rays are generated when a free electron give
	
• some of its energy during
interaction with the orbital electrons or nucleus of the atom. The energy given up by
the electron appears as electromagnetic energy (X-rays) and goes sailing off into
space as electromagnetic radiation.
PATH OF HIGH—SPEED ELECTRON
- v
ELECTROMAGNETIC WAVE
(X-RAY)
HIGH SPEED
ELECTRON LESS
SOME OF ITS
ENERGY
•	 Remember that a source of electrons,
•	 a means of propelling electrons, and
•	 target material are requirements in the generation of:
X-Rays ......................................... Turn to page 1-6
Gamma Mays ..................................... Turn to page 1-5
.c
GAMMA
RAY
GAMMA RAY UNSTABRADIOAt, ...
ATOM
AMA RAY
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Oops, that will never do, gamma rays are produced by radioactive decay of elements
in an unstable condition. In trying for stability they produce rays exactly like X-rays
but are gamma rays by virtue of their source.
"'e^
PATH OF BOMBARDING ELECTRON	 X-RAY
Xd
BOMBARDING
ELECTRON
TARGET ATOM
X-rays are generated by the bombardment of electrons on matter. So, we see that
when electrons interact with atoms, X-rays are produced.
Turn to page 1-6
411411111^
PATH OF HIGH-SPEED ELECTRON
_10K"
X-RAY
BOMBARDING
ELECTRON
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Very good, X-rays is the right answer. You remembered that gamma rays are pro-
duced by radioactive decay and not by electron bombardment. Let's continue. Why
do we need a means of propelling the electrons at high velocities? Simply because the
energy of the electron is its velocity. The higher the velocity of the electron, the
higher the energy of the X-rays that are produced and the lower the velocity of the
electron, the lower the energy of the X-rays that are produced. Hold it! I know....
now you're going to ask, why do we need a target to receive the impact of the electrons?
Well, if we have no target the electron will not interact with matter to produce X-rays.
By providing a target, the high-speed electron will bombard the atoms of the target
material, interact with these atoms, and X-rays will be produced.
^P
TARGET ATOM
Turn to page 1-7
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CURRENT
^e
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M_ ELECTRONS BOILING
OFF HEATED FILAMENT
A heated filament...... .
An electron pump...... .
e
01
VA
..... Turn to page 1-8
.... Ah come-on! Be
serious, go to
page 1-8.
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OK, so we know why we need the three required items:
• Source of electrons
• Electrons at high speed
• Target
Let's see how we get them. It is really quite simple since matter is made up of atoms
and all atoms have electrons in orbital shells. Now all we have to do is to get the
electrons free so we can use them. We take a piece of wire and place an electric cur-
rent on it so that it v,,Al heat up like an electric light or electric cigarette lighter. The
heat on this wire will excite the electrons in the wire to the extent that they will jump
away (boil off) from the wire filament to expend the Pnergy picked up from the heat of
the electric current. When this energy is expended, the electron will return to the
wire to become heated again. Thus, a heated wire filament will serve as a source of
electrons.
1
To fill our first requirement, our electron source is:
., f
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Right! A heated filament is the source of electrons. The heat of the filament forces
the electrons out away from the hot wire.
Our next step is to get these electrons traveling at high velocity. Since unlike charges
(positive and negative) attract, and since electrons have a negative charge, we must
have a positive charge nearby to attract the electrons away from the filament. To do
this, we place a piece of metal (the anode) a short distance from the filament. With
an electric current (other than the one on the filament), we place a high positive
charge on the anode. This is what we now have:
O	 ,HIGH POSITIVE CHARGE
HEATED
FILAMENT
OE)	 ++/^
S O-"^}'^ +
++
ANODE
QOQ 2z^} ^ +++
Q O©, 	 ++	 J
ELECTRONS
This high positive charge on the anode acts like a magnet and will have a very strong
attracting force upon the negatively charged electrons that are boiling off from the
heated filament. This attracting force pulls the electrons to the anode at very high
speeds. If we increase the positive charge on the anode, the speed of the electron will
also increase.
The high positive charge on the anode is the:
source of electrons 	 ............................... Turn to page 1-9
means of speeding up the electrons ...................... Turn to page 1-10
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Source of electrons is the wrong answer. As you should recall, the source of electrons
was the hot filament wire. The high positive charge on the anode is the means of ac-
celerating the electron to high speeds.
8 ee
e8
CU RENT	 e	 e 9—ELECTRONS  BOILING OFF
e eo®e
e 9 
	
HOT FILAMENT	 e
SOURCE OF ELECTRONS
HIGH POSITIVE CHARGE
.r
+ H'	
ANODE
MEANS OF ACCELERATING THE ELECTRONS
, HIGH-SPEED ELECTRONS
ee0
	 +^+
AC
CURRENT	 eee -^_, a ++ +	 ANODEOe O—e
	 +++
HOT FILAMENT	 HIGH POSITIVE
CHARGE
Thus we have filled the first two regiArements, that of an electron source and the means
of propelling the electrons at high speed.
Turn to the next page.
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:Means of speeding up the electrons is correct. Very well done. The requirement of
a high speed electron is supplied by this high positive voltage on the anode.
To complete the third requirement, that of a target, all we have to do is place matter
of some sort between the electrons and the high positi've charge. This is usually done
by imbedding a special target material (usually tungsten) into the anode as shown.
HIGH POSITIVE CHARGE
ELECTRONS
+ t
ANODE
t
TARGET MATERIAL
This gives the electrons a suitable target to bombard for the production of
X-radiation.
Put it all together and it looks like this:
HIGH POSITIVE CHARGE
HIGH-SPEED ELECTRONS
e E)	
+ -^
HOT	
0 e 8 ---^+ + +FILhMENT	 8	 -^	 I +
e9	 + +'+'
TARGET MATERIAL
ANODE
Now that we know the three requirements for X-ray generation, let's follow the high-
speed electron into the target material and watch X-rays being generated.
Turn a^ge 1-11
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Characteristic X-Rays
Upon entering the area of the target, the high-speed electron may collide with an
electron in orbit around the atom nucleus.
I j^
P PAN
Nk THE ATOM
This will impose an excitation energy from the high-speed electron to the orbital
electron. This excitation energy imposed upon the orbital electron will cause an
electron to either: 1) leave the atom entirely, or
2) change its orbital pcsition.
i
PATH OF OR
	
D E^E^^aON ^// I ^^ %	 BITAL ELECTRON
	
'000d
P P^H	
+
THE ATOM
1) Orbital electron leaving area of the atom,
Turn to the next page.
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HIGH-SPEED
I	 ELECTRON
^\ 1	 PATH OF ORBITAL
ELECTRON, OUT OF
ORBIT FOR SHORT
O E^-EG^^oN ^' I; TIME
I
	
N	 I	 I
PP^NOf
/W
THE ATOM
2) Orbital electron moved temporarily out of orbit.
So, we have two things that can happen when a high-speed electron collides with an
orbital electron. In both situations the high-speed electron gives up some of its energy
to the orbital electron. The orbital electron in turn must rid itself of this excess
energy and does so in the form of X-radiation. Radiation generated as a result of the
collision of the two electrons is termed characteristic radiation, referring to the
characteristic energy level of the orbital electron.
Gener.=?.ly, characteristic X-rays possess very low energy so have little value in
radiography.
Characteristic X-rays are usually present in all X-radiation, but are of no
significant value for radiographic purposes ................ Turn to page 1-13
Need more information . . . . . . . . . . . .. . . . . . • . . . . . . . . . . Turn to page 1-14
-	
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Correct you are, characteristic X-rays are of no significant value for radiographic
purposes. These low energy rays will cause scatter (fog the film) and are of too little
power to penetrate sufficient thickness to be useful.
Generally spealang, the energy of the orbital electrons is quite low compared to the
energy of the high-speed electron, and since the energy of the X-rays generated re-
flects the energy of the orbital electron, the energy of the X-rays will be low.
00\ / 11 
	 e HIGH-SPEED
ELECTRON
TH OF HI(',h-SPEED ELECTRON /// \\^ 	 N \ ORBITALPA ELECTRON
ENERGY OF X-RAY 	 \^ \ +	 ` '	 1	 0 EXCITED OUT
GENERATED, IS EQUAL 	 + +	 1	 I	 OF ORBIT
TO THE DIFFERENCE 	 LEAVING A
BETWEEN THE ENERGY
	
I	 VACANCY IN THE
SHELLS	
ENERGY SHELL
\	
.00,	 PATH OF NEW ELECTRON
`—	 FILLING VACANCY
X-RAY
	 \
GENERATED	 \
Study the above illustration. You will see that the energy of the X-ray generated will
be equal to the energy given up by the orbital electron as it moves from the outer shell
to the inner shell.
Tu nA page 1-16
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°	 Good for you. Let's check the two possibilities when the high-speed electron collides
w
with the c.rbital electron:
• The orbital electron is removed completely from the atom by the excess energy
it receives from the high-speed electron.
• The orbital electron is temporarily inoved out of its present orbit by the energy it
received from the high-speed electron.
When an orbital electron is removed from the atom., it leaves a vacancy in its ring or
shell. To fill this vacancy, an electron from a shell farther out (more distance from
the nucleus) must move in to take its place. This is necessary to maintain atomic
balance. Electrons orbiting in the shells farther out from the nucleus, have more
energy than the electron orbiting close to the nucleus. So, when an outer shell elec-
tron moves to an inner shell it must give up some of its energy. This energy is given
off as an electromagnetic wave (X-ray).
AN OUTER SHELL (ELECTRON MOVES
TO AN INNER SHELL TO FILL A VACANCY.
THIS PROGRESSIVE REPLACEMENT WILL
CONTINUE UNTIL THE ELECTRON QUOTAS
/ ,000 	^ ^ \ OF EACH RING ARE COMPLETE AGAIN.
THE DIFFERENCE IN ENERGY
LEVEL BETWEEN THE TWO
SHELLS WILL EQUAL THE
ENERGY OF THE X-RAY
	 `	 1
PRODUCED.	 I(
1	 /	 I
X-RAY
THE ATOM
Turn to page 1-15
Q
r
YWY ^ 	 n 	 a^	 ^ 7e	 S	 "^.+'r+!`"w!;i'^'<.;r y <K-.1i:^ .a.:.4ww...,;;.......^+r-,......^....,.:W.^.......n•.....e ,u,..._..^;^.N,...., _..__..	 ......	 ..	 .,.	 .. ....	 .,.	 . .. ....a.
.v _.w. .w. e..,A
st r
From page 1-14	 1-15
On the other hand if the electron does not leave the atom, it will only change its orbit
temporarily. The reason for this is that the energy from the bombarding electron is
not strong enough to remove the orbital electron from the atom area but will tempo-
rarily move the electron into a new orbit. This leaves a vacancy in a shell and 3o the
electron will leap back into its orbit to fill the vacancy. But in doing so it must give
up its excess energy. Again this energy is given up as electromagnetic waves (X-rays).
THE EXCITED ELECTRON LEAVES ITS
SHELL BECAUSE OF ITS NEWLY
ACQUIRED ENERGY. BUT IT LEAPS
RIGHT BACK TO FILL THE VACANCY. /^	 \
I	 THE DIFFERENCE IN ENERGY
LEVELS BETWEEN THE
'
	
	 ORIGINAL ORBIT ANU THE
NEW ORBIT IS EQUAL TO THE
ENERGY OF THE X-RAY
PRODUCED.
THE ATOM
The energy of characteristic X-radiation is not determined by the energy of the bom-
barding electron. The energy of the characteristic X-ray will be the amount of energy
given up by an electron as it fills a vacancy in one of the electron rings.
Keep in mind that characteristic X- rays are of too low energy to be useful in most
radiography. The reason is, that the energy of the characteristic X-ray Is limited
by the energy of the electron rings, and low energy rays producc an unwanted scatter
effect on the film.
Turn to page 1-13
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Bremsstrahlung (Continuous X-Rays)
Upon entering the area of the target, the high -speed electron continues toward the
center (nucleus) of the atom. As the electron approaches the nucleus, its negative
charge reacts with the positively charged nucleus and a deflection (curving) toward
the nucleus occurs. This is accomplished by a bralang (slowing) of the electron which
diminishes its energy. The energy lost is given off as bremsstrahlung or contimiccois
X-ray. These rays are called continuous because the energy spectrum is continuous.
That is, the energy of continuous X-rays range from near zero to the maximum energy
of the high-speed electron.
X09
N'S
BRAKING AND CURVING OF
HIGH-SPEED ELECTRON
Continuous X-rays are generated when the high-speed electron reacts with .......
. . . the nucleus of the atom ....................... . Turn to page 1-17
0 . . the orbital electrons of the atom ................. . Turn to page 1-18
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0
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Congratulat ions! Continuous X-rays are genet ated when the high-speed electron re--
acts with the atom nucleus.
The energy of continuous X-rays is dependent upon three factors (see illustration
below) these are:
1. The energy of the high-speed electron. The maximum X-ray energy is limited to
the rare instance where an electron is fully braked and gives off an X-ray equal to its
total energy lost.
2. The density of the target material. The greater the density, the greater the num-
ber of protons in the nucleus and the greater the attractive force which brakes or de-
flects the electron, thus, the greater the possible X-ray energy.
3. The distance from the electrons path to the braking nucleus. Attraction force de-
creases as the distance increases.
X-RAY
The most suitable X-radiation for radiographic use is ............ .
continuous rays
	 ................................. Turn to page 1-20
characteristic rays ............................... Turn to page 1-19
X-RAY
L a'
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I believe you're a little confused. The correct choice should have been, that con-
tinuous X-rays are generated when the high-speed electron reacts with the nucleus of
the atom.
If you recall, the lower energy X-rays are generated when the electrons react with
the orbital electrons of the atom and are called characteristic X-rays. Let's have a
look at the X-ray spectrum, this m%y help to remember the difference between the
characteristic and continuous X-rays.
0	 300
Kev	 SPEED OF ELEC'i RON
	
Kev
ENERGY (KEV)
I = INTENSITY
(KEV) = (1,000 ELECTRON VOLTS)
As can be seen here the characteristic X-ray is of a lower energy, while the continuous
X-ray ranges from a low energy to the mwdmum energy of the high-speed electron.
With this difference in mind remember that the high-speed electrons react with the
nucleus of the atom for continuous X-ray generation.
Turn to page 1-17
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You still don't have the characteristic X-ray coi rectly identified. The characteristic
X-ray is generated when the high-speed electron collides with any orbital electron of
an atom. The energy given off in this collision will be equal to or less than the energy
of the orbital electron, not the high-speed electron. The orbital electron has the
energy required to keep it in its orbit around the nucleus, this energy is relatively low
when compared to the energy of the high-speed electron. Continuous X-rays are of
much higher energy because they get their energy from the high-speed electron and not
from an orbital electron.
Because continuous X-rays have higher energy, they are more suitable for industrial
radiography.
Turn to page 1-20
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Very good, continuous rays was the correct choice. Continuous rays are generally
of higher penetrating power.
Remember this: Characteristic X-rays are generated by the interaction of the high
speed electron and the orbital electrons. Continuous X-rays are generated by the
interaction of the high speed electron and the nucleus.
X-Ray Tube Control
Now we know that it is necessary to have a source of electrons, a means of propelling
them at high speed, and a target to receive their impact. We also know that these
high-speed electrons will produce both characteristic and continuous X-rays and that
because of the energy of these X-rays only the continuous X-rays are fully suitable for
industrial radiography. Now, let's have a look at another aspect. Let's take time
here to consider the control of all of these factors in the X-ray generator (tube).
TARGET MATERIAL CAST
FILAMENT CATHODE 	 INTO THE ANODE \
CONNECTOR.
	 FOCUSING CUP,,
CATHODE R^kq
ANODE CONNECTOR
ANODE
FILAMENT	 BOMAkuiNG ELECTRONS
A buili in control, to be mentioned here just in passing, is the focusing cup. The
focusing cup is to direct or focus the electrons from the filament to the anode.
C
	 Turn t^ next page
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The two most important controls in the generation of X-rays are:
• Energy or penetrating power of the X-ray beam and
• Intensity of the X-ray beam.
Energy for our purpose will be defined as the penetrating power or the ability of the
X-ray to travel through a given material. The greater the velocity of the electrons
moving toward the target, the greater will be the force with which they strike the target;
and the greater the force of the bombarding electrons, the shorter and more penetrating
will be the wavelength of the resulting X-rays.
SHORT WAVELENGTH X-RAY--HIGH ENERGY X-RAY
HIGH-SPEED ELECTRONS
LONG WAVELENGI H X-RAY--- LOW ENERGY X-RAY
Notice that high speed electrons will produce low energy rays as well as high energy
rays.
LOW-SPEED ELECTRONS---LONG WAVELENGTH X-RAY ---LOW ENERGY X-RAY
High-speed electrons produce short wavelength X-rays when bombarding the target.
These shorter wavelength X-rays have:
More penetrating power and will penetrate materials more readily than long wavelength
X-rays ........................................ Turn to page 1-23
Less penetrating power and will not penetrate materials as well as long wavelength
X-rays ........................................ Turn to page 1-22
LONG WAVELENGTH
SHORT WAVELENGTH
LONG WAVELENGTH
SHORT WAVELENGTH
SHORT WAVELENGTH
LONG WAVELENGTH
SHORT WAVELENGTH
SHORT WAVELENGTH
SHORT WAVELENGTH
:.r
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Sorry, that's incorrect. Short wavelength X-rays are more penetrating than long
wavelength X-rays.
Long wavelength X-rays are absorbed or their energy is expended in collision with
atoms soon after they come in contact with matter.
Short wavelength X-rays will penetrate readily into and through matter because of
their higher energy.
MATERIAL
This should illustrate that the short wavelength X-rays have more penetrating power
and energy than long  wave1ength X-rays. For this reason the short wavelength,
higher energy, X-ray is more useful in radiography.
PUrn to page 1-23
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Very good, the short wavelength X-rays do have more penetrating power than the long
wavelength X-rays.
The speed of the electrons (and consequently the energy), as they move from the
cathode to the target, increases with the voltage on the tube. Therefore, it follows
that the energy (penetrating power) of X-radiation is related to the voltage impressed
across the X-ray tube. The tube voltage, expressed in kv (kilovolts) is looked upon
as an approximate measure of the penetrating power of the X-rays produced. In X-ray
equipment voltage can be varied and controlled over a wide range to meet specific
requirements. The voltages used are almost always above 6000, so voltage is usually
expressed in terms of kilovolts (1 kv is equal to 1000 volts).
INCREASE	 SHORT-ENS
f/	 J/	 INCREASE
	
ELECTRON SPEED	 WAVELENGTH
PENETRATING POWER
INCREASE
VOLTAGE	 NUMBER OF ELECTRONS AND X-RAYS DOES NOT CHANGE
(kv)
DECREASE
PENETRATING POWER
	
ELECTRON SPEED	 WAVELENGTH 
DECREASE
	
DECREASE
	 LENGTHENS
Notice that as the voltage increases the wavelength shortens and as the voltage de-
creases the wavelength lengthens.
To increase the penetrating power of the X-ray beam we will:
decrease the voltage (kv) on the anode ................... Turn to page 1-25
increase the voltage (kv) on the anode . . . . . . . . . . . . . . . . . Turn to page 1-24
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That's right, increase the voltage (kv) on the anode to increase the penetrating power
(energy) of the X-ray beam.
Intensity is the number of rays striking (or flowing through) a unit area in a given
length of time. The intensity of the X-ray beam is changed when either the voltage on
the anode or the current on the filament is changed. However, in practical application
the voltage control is not used to change the intensity.
Intensity is changed when the filament current is changed. That is, by increasing the
current on the filament, mor heat is generated and more electrons boil off. These
additional electrons will travel at high speeds to the target and generate more X-rays.
Thus, by increasing the current on the filament we also increase the intensity (number
of X-rays) of the radiation beam.
INCREASE 
	 INCREASE	 INCREASE
EAELECTRONSFILAMENT 	 EMITTED /	 TENSITY
INCREASE
CURRENT	 SPEED OF ELECTRONS AND ENERGY OF X-RAY DOES NOT CHANGE
DECREASE
yFILAMENT HEAT	 ELECTRONS EMITTED	 INTENSITY
DECREASE	 DECREASE'	 DECREASE
To increase the intensity of the X-ray beam we will:
decrease the current on the filament ..................... Turn to page 1-26
increase the current on the filament ..................... Turn to page 1-27
* 400am
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You answered, decrease the voltage on the anode. You're not thinking.
Let's see what happens if we decrease the voltage. With the voltage (kv) control we
decrease the positive charge on the anode by decreasing the voltage. This of course
decreases the attractive force that is applied at the anode, consequently the speed of
the electrons moving from the filament to the target will be very slow. The slow
moving electrons will generate X-rays with very low penetrating power.
LOW VOLTAGE = SLOW ELECTRON = LONG WAVELENGTH X-RAY = LESS PENETRATING POWER.
HIGH VOLTAGE
(Kv)
LOW VOLTACE
(Kv)
HIGH CURRENT. HIGH ENERGY LOW ENERGY
HIGH INTENSITY i	 HIGH INTENSITY
LOW CURRENT HIGH ENERGY LOW ENERGY
LOW INTENSITY LOW INTENSITY
Turn to page 1-24
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Oops, that's not right. You answered, decrease the current on the filament. You
must be thinling of decreasing the intensity rather than increasing it. When the cur-
rent on the filament is decreased, the filament gets cooler and will not boil off the
electrons. This reduces the intensity.
LOW CURRENT = LESS ELECTRONS = LESS X-RAYS = LOW INTENSITY,
HIGH VOLTAGE
(Kv)
LOW VOLTAGE
(Kv)
HIGH CURRENT HIGH ENERGY LOW ENERGY
HIGH INTENSITY HIGH INTENSITY
LOW CURRENT HIGH ENERGY LOW ENERGY
LOW INTENSITY LOW INTENSITY
Turn to page 1-27
kv TIME
kv TIME
ALTERNATING CURRENT (a.c.) WAVE FORM
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Very good, the correct choice. This will naturally ger ►erate more X-rays. Another
consideration that must not be overlooked is the current flowing between the electrodes
(cathode and anode) of the tube. This is not the same current that heats the filament
but is the current in the circuit that furnishes voltage to the anode. This current must
be direct current (d. c.) . Since high voltage obtained from the transformer usually has
an alternating current (a. c.) waveform, as shown in the first figure below, it must be
converted either by rectifier or by the tube itself to a direct current waveform as
shown in the second figure below.
More will be said on this subject (rectification) in Chapter 3 of this volume.
Now turn to the next page for a summary of this chapter.
4111111111111111110
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SUMMARY OF CHAPTER 1
First	 Three requirements for the generation of X-rays are:
1. Source of electrons,
2: Electrons at higii speed, and
3. Target material.
Second
	
Characteristic X-rays are genr, ^ ,"eu when the high speed electrons
interact with the orbital e.eutr. . They are of little value because
of their low energy.
Third
	
	 Continuous X-rays are generated when the high speed electrons
interact with the atom nucleus. They are the most suitable for
X-radiation.
Fourth
	
	 By controlling the voltage we can control the electron speed, the
wavelength, and the penetrating power.
Fifth	 By controlling the current we can control the filament heat, electron
flow, and intensity.
Sixth	 The high positive charge on the anode is direct current.
Now turn to the next page and check yourself with a short review.
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1. The next few pages are different from the ones which you have been reading.
There are	 arrows on this page.
	 (Write in the correct number of arrows.)
Do not read the frames below. 	 FOLLOW THE ARROW - and turn to the TOP
of the next page.	 There you will find the correct word for the blank line above
3. blanks (or spaces or
words)
4. Nov for the review;	 From your study, list the three requirements necessary
for X-ray generation.	 1.	 Source of
2.	 Electrons at
3.	 material j
i
7. Continuous X-rays
8. X-rays are produced by the action of an orbital
(Characters stic/Continuous)
electron as it leaps from an outer orbit to an inner orbit.
11. i.igh
12. The intensity of the X-ray beam is controlled by variations of the filament
^w^
This is the answer to the blank
in Frame number 1.
1. four	 Frame 2 is next
2. These sections will provide a review of the material you have covered to this
point.	 There will be one or more blanks in each f
Turn to the next page.
Follow the arrow.
4. electrons
high speed
Target
5. The hot filament fulfills the requirement of the 	 of electrons.
8. Characteristic
9. C	 X-radiation (bremsstrahlung) is generated when an electron
interacts with the nucleus of an atom.
12. torrent (heat)
13. wavelength X-rays are the most penetrating.
1-30
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2. frame
3. By following the arrows or instructions you will be directed to the section which
follows in sequence. 	 Each section presents information and requires the filling
in of	 .
Return to page 1-29, frame 4, and continue with the review.
5. source
6. The positive charge placed on the anode fulfills which of the three requirements?
9. Continuous
10. C	 X-rays are of too low energy to be useful in most radiography.
13. Short
14. The penetrating power of X-radiation is determined by an increase or decrease
of
AMMORM)
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You should not have turned to this page. 	 The instructions were to return to
page 1-29, frame 4, and continue with the review.
Return to page 1-29, frame 4.
6.	 Eiectrons at high speed
7.	 Which is the most useful X-radiation for industrial radiography?
Characteristic X-rays or,
Continuous X-rays.
Return to page 1-29, frame 8.
10.	 Characteristic
11. Short wavelength X-rays are a product of voltages.
Return to page 1-29, frame 12.
14. k1lovoltage
You have completed the review.
	 Turn to page 2-1.
Turn to tre next page .
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CHAPTER 2 - THE X-RAY MACHINE
By now I'm sure you realize the worth of the X-ray machine in the field of radiography.
Maybe not to the extent that you know all of its uses and possibilities, but at least
enough to realize its importance in nondestructive testing.
In the previous chapter we learned of the requirements necessary to generate X-rays.
These requir-ments then apply to the X-ray machine also:
• Supply of electrons
• Accelerate these electrons to high speed
• Provide target for electrons to bombard
• Provide a meano of control (voltage and current).
Ratings of Equipment
Industrial applications are too numerous to mention here in detail. But, since X-ray
equipment is usually classified by its voltage rating, and the energy or penetrating
power is a function of the voltage, it would be well to give a measure of X-ray equip-
ment capacity.
VOLTAGE	 APPLICATION
50 kv	 Wood, plastics, and about 1/4" thickness of steel
100 kv	 Light metals, alloys, fluoroscopy, and 1/2" thickness of steel
150 kv	 Heavy sections of light metals, alloys, fluoroscopy, and 1"
thickness of steel
250 kv	 Heavy sections of steel, copper, and 2" thickness of steel
Turn to the next page.
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VOLTAGE	 APPLICATION
1000 kv to
2000 kv	 Very heavy ferrous and non-ferrous sections from 5" to $" thick.
Types of Equipment
Other classifications of X-ray equipment are: Laboratory, mobile, portable and
enclosure type.
•
	
	
Laboratory units are intended for permanent lead-lined or concrete room
installation.
•	 Mobile equipment is designed to be moved within or between buildings.
•
	
	
Portable equipment is designed to be transported to almost any location by any
means. Usually small and light weight.
•
	
	
Enclosure units consist of a lead-1.ned cabinet containing the X-ray tube and
possibly a fluorescent screen for fluoroscopic work.
Selection of Equipment
The following considerations should be given in the selection of X-ray equipment.
•
	
	
Penetrating quality of radiation. Ma.-imum kilovoltage determines the thickness
that can be inspected.
•	 Intensity or quantity of effective radiation. Determines the exposure time.
•	 Duty cycle. Determines the life and productivity of the equipment.
• Suitability of equipment. Weight and ( . inension of the equipment, and shape of
the emitted radiation beam (critical for reducing the total number of exposures
required in testing).
Turn to the next page.
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The X-Ray Tube
The X-ray tube consists of a sealed-off glass envelope, evacuated to the highest
attainable vacuum. Within the envelope there is arranged a positive electrode
(anode) and a negative electrode (cathode). The cathode is provided with a wire
filament that is centered in a groove or concave shaped focusing cup that serves
to focus the electron stream toward the anode. The wire filament which is heated
to incandescence (glowing) by an electric current, frees electrons which may move in
any direction until a high electric voltage is established between the anode and the
cathode. Under the effect of this voltage, the electrons from the cathode are propelled
towards the anode. In the region where the electrons hit the anode will be found the
"target" which consists of a piece of a special metal which is inserted into the anode.
GLASS ENVELOPE	 VACUUM
FOCUSING CUP
ee e e 99e++
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FILAMENT
TARGET
NDOW
The two ele.;trodes are;
the cathode and the anode ............................ Turn to page 2-4
the filament and the focusing cup . . . . . . . . . . . . . . . . . . . . . . . Turn to page 2-5
•
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Very good, the two electrodes are the cathode and the anode.
The Glass Envelope
The glass envelope has as much air removed from the inside as possible. Without a
good vacuum, the electrons traveling at high speed within the tube would collide with
the air molecules causing ionization and loss of energy. The vacuum serves as an
insulation between the two electrodes (anode and cathode) and, of most importance,
prevents the filament from oxidizing and burning out as it would if it were heated
in air.
IONIZED AIR MOLECULE
CATHODE	 S Q	 0 ® 00
 
E)	
ANODE
AIR MOLECULE
HIGH-SPEED ELECTRON
The glass that is used must have low thermal expansion, excellent shock-resistance,
good chemical resistance, and the required electrical properties.
The maximum energy output or penetrating power of an electron tube is limited only by
the voltage which can be safely appiied to it; the minimum, by the absorption or filtra-
tion of the glass in the tube window. (Absorption makes reference to the amount of
X-rays that are absorbed by the tube walls and has very little importance in radiography,
the filtration makes reference to the amount of X-ray that is filtered out as the X-rays
pass through the glass window.)
Turn to	 a 2-6
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You say that the two electrodes are the filament and the focusing cup. Sorry, but the
correct answer is "the cathode and the anode".
The basically simple glass X-ray tube is designed to produce useful X-rays which can
be directed at a specimen fc radiographic testing. It's components are as follows:
• The anode (positive electrode)
The target - (usually tungsten) part of the anode upon which the electrons
impinge to create X-rays within the target material.
• The cathode (negative electrode)
The focusing cup - forms the end of the cathode and serves to focus the
electron beam across the gap to the anode.
The filament - when heated, emits the electrons from within the cathode.
These electrons flow across the gap to the target.
Therefore from this we see that the two electrodes are the anode and the cathode.
Turn to page 2-4.
TARGET
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The Anode (positive electrode)
The anode which is generally of copper is vacuum cast to reduce ga y. and existing
porosity of the metals. The copper anode has a high thermal conductivity for conduct-
ing the heat away from the target. (Bombarding of the target by electrons will generate
a great deal of heat on the target. If this heat is not removed the Target will melt).
The part of the anode facing the cathode contains the metal target imbedded into it. A
wire is sealed through the glass envelope to provide external electrical connections,
also a radiator is provided for external cooling.
WIDE rrnuurntnn
There are variations of anode construction depending on the requirements or needs.
For example, the rotating anode is a rapidly rotating disc-shaped target (illustrated
on next page). In this case the hot target material is continuously replaced with cool
target material, while the spot emitting radiation remains essentially stationary in
space. An increase in the work load of about 10 to 1 can be achieved with the disk
rotating about 2500 rpm.
Turn to the next page.
^-♦-X-RAY BEAM
I
ELECTRON BEAM
ROTA TING ANODE TYPE TUBE
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Another variation is the long anode tube that makes it possible to place the source of
X-rays inside objects which have an opening or a hollow which is too small to be able
to insert an X-ray film. The film is then .;laced on the outside and radiation is from
the inside out. (See Below. ) Usually in the long anode type tube a magnetic field is
set up in the tube between the anode and the cathode to guide the electrons in a direct
path to the anode.
i	 t
I	 ^
ANODE	 i
^l!
CATHODE
------- ----- ---------
TARGET' I 1
^	 I	 1
^	 I	 1
LONG ANODE TYPE TUBE ^	 I	 1
Also, the long anode tube is used very extensively for 360 degrees or fractional focus-
ing, which means that the anode, extended as it is, may have a small angle beam or a
beam that extends 360 degrees.
Turn to the next page.
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The use of a hooded anode, allows the use of higher tube voltage.
unnncn wunnr
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HOODED ANODE TYPE TUBE
The improvement is due to the fact that fewer of the electrons reflected from the face
of the target get to the glass walls or into the anode arms to disturb the potential dis-
tribution along the envelope or glass tube, thus, providing a better high voltage field
at the anode.
With all of the variations that we have seen in anodes we find that they still contain
the target material and a .. .. ... . .
......... negative charge ............ I ............. 	 Turn to page 2-9
. . . . . .. .. positive charge . ... . . . . . . . .. .. . . .. . . . . ...
	
Turn to page 2-10
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Negative charge is incorrect. If you will recall from the first chapter and the first
part of this chapter we found that we must :nave r high positive charge on the anode.
This positive charge attracts the electrons from the cathode, at very
 high speed, to
the target. The cathode has the negative charge because it furnishes the negatively
charged electrons, remember, the cathode when heated by the hot filament is the
source of electrons.
e	 © /
HOT	 ee e e e -^ +++FILAMENT	 e e --	 + +E)	 +
ELECTRONS
HIGH POSITIVE CHARGE
ANODE
This illustration from Chapter 1 shows the anode and the high positive charge that is
required to pull the electrons from the cathode at high speed. Therefore, the correct
answer is that the anode has a positive charge.
Turn to the next page.
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Fine, the anode does have a positive charge. Understanding what we do about
1	 1i
electricity, we see that if we have a positive charge we should also have a negative
charge, and we do. Let's have a look.
The Cathode (negative electrode)
The structure known as the cathode (with the filament) serves as the electron source.
It it the negatively charged electrode suitably shaped to form the focusing cup. Within
this focusing cup is a tungsten wire (straight
or coiled) known as the filament or electron
OR
emitting element. When this filament is
COIL	 STRAIGHT
heated to a high temperature it gives off
electrons in all directions, but because the focusing cup is used to control the line&,
of force of the electrical field between the cathode and the anode, these electrons
are directed in a beam to the target. The materials for the cathode, which are
generally very pure iron and nickel, must be free of gas bubbles and distortion caused
by heat.
NEGATIVE CHI Rf
HOT
FILAMENT
CATh ')DE
FOCUSING C "11
()e so e
 E)
E4
ELECTRONS
ELECTRON SOURCE
Turn to the next page.
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The Target Material
X-rays are produced regardless of the material bombarded whether it be solid, liquid,
or gas; however, in the X-ray tube the target is solid material, a slip of metal recessed
into the anode at a place where it is struck by the be,- , -n of electrons. It is essential
to use a material with the following principal properties:
• High atomic number
• High melting point
• High thermal conductivity
• Low vapor pressure
High atomic number . The higher the atomic number, the greater the density of the
metal. The greater the density of the metal, the greater the number of protons in the
nucleus and the greater the attractive force which brakes or deflects the electrons;
thus, the greater the possible X-ray energy. In other words, in a material with
greater density, the energy of the orbital electrons and the attractive force of the
nucleus will be greater. In our study of the generation of the X-ray in Chapter 1, we
fount]	 t the energy of the orbital electrons and the energy or attractive force of the
protons in the nucleus, has a direct relationship to the Energy of the X-ray that was
generated as it traveled through the atom.
One of the principal properties essential in the target material is:
greater metal density . . . . . . . . . . . . . . 	 Turn to page 2-14
low atomic number . . . . . . . . . . . . . . . 	 Turn to page 2-13
target thickness . . . . . . . . . . . . . . . .	 Turn to page 2-12
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No, target thickness will not do. T'ne target thickness as an essential item has not
been mentioned here. Maybe you confused it with target density but they are not the
same.
Return to page 2-11 and make another selection.
L	 -	 -
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Too bad, you goofed. You said that low atomic number is essential in the target
material. You must be thinking of something else, maybe you were thinking of high
atomic number. With the high atomic number the density is higher and the attractive
force of the nucleus is greater thus braking or curving the high-speed electron with
greater force and generating higher energy X-rays.
Return to page 2-11 and try again.
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Excellent! You chose greater metal density, and that ' s the correct answer. Greater
metal density means a greater number of protons in the nucleus and greater attractive
force to brake or deflect the electron as it travels through the atom.
High melting point . . . It is essential for the material to have a high melting point
because of the substantial amount of heat generated when X-rays are produced. Only
a fraction of the energy of the electron beam striking the target produces X-radiation.
Most of the energy from the bombarding electrons is dissipated or transferred to heat
in the target material. With a high melting point, the target material will be able to
withstand the great amount of heat that is generated. Even with the cooling systems
provided to the X-ray tube, the heat is a critical factor when choosing a target material.
Besides being essential to use a material with a high melting point, the target must
have a . . .
high atomic number ............................. 	 Turn to page 2-15
. . . . low atomic number ............................. 	 Turn to page 2-16
-	 --
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Very good, we're proud of you. High atomic number is the correct choice.
With a high atomic number the density and the attractive force of the nucleus is greater
thus braking or curving the high-speed electron with greater force and generating higher
energy X-ray.
Do you remember what comes next? Well it's "High thermal conductivity". With
the p lectrons striking at the target surface, most of the heat will be generated there.
It is necessary to get the heat away from the surface of the target as soon as possible
so that the target does rr)t melt or crack. With high thermal conductivity, the heat
will travel frc ►j,:i the surface of the target to the center and back of the target soon
enough to keep the target from melting. High thermal conductivity allows maximum
energy for a given siza of focal spot. This means that the maximum amount of energy
of the high-speed electrons is allowable when the target material can remove the heat
readily from; Its surface.
Thermal conductivity refers to;
The temperature of the target matP.ial . . . . . . . . . . 	 Turn to page 2-17
The ability of the target material to remove heat from its
surface . . . . . . . . . . . . . . . . . . . . . .	 Turn to page 2-18
.,
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No ! I'm afraid you're not thinking, low atomic number is incorrect. A high atomic
number indicates a high density in the material and this is essential in the production
of high energy X-rays.
Turn to page 2-15.
.r
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The temperature of the target is a physical measurement of the heat of the target
material. Thermal conductivity is a material property of the target and means that
the heat will be conducted away from the surface fast enough to keep the surface from
melting. Your choice was wrong, please rett?rn to page 2-15 and read it again then
make another choice and continue.
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Very nice, you got the message. The ability of the target material to conduct or
remove the heat from it's surface, was the correct choice.
Low vapor pressure .. .. .. Low vapor pressure reduces the amount of metal vaporized
into the tube walls. This means that at very high temperatures the target material, if
it has a high vapor pressure, will have a tendency to vaporize or turn into a gas. This
would be undesirable because this gas would collect on the tube walls and seriously
impair the efficiency of the X-ray tube. With low vapor pressure this "vaporization"
would not take place and thus would lengthen the tube life and increase its efficiency.
From the last three items (high melting paint, high thermal conductivity, and low vapor
pressure) it can be seen that the target material must be able to withstand very high
temperatures.
Remember then that the essential properties of the target material are;
9 High atomic number
i High melting point
• High thermal conductivity
0 Low vapor pressure
Now that you know all of the ideal properties of the target material, it might be nice
if we told you which material is actually used. Very well, upon careful consideration it
was found that tun sg ten metal was generally the most ideal material for the target and
is used in most tubes today.
Turn to the next page.
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X-Ray Tube Cooling
Only a fraction of the electrons striking the target actually produce X-rays. Most of
the energy of the high-speed electrons converts to heat at the target, this of course
presents a formidable problem in X-ray tube design. If this heat is not dissipated in
some way, the target can melt or crack or quickly become pitted and useless.
A number of different methods for cooling X-ray tubes have been developed.
•	 Cooling by radiating heat.
The anode, consisting of a massive slab of copper brought to white heat by electron
bombardment, cools itself by radiating the heat (usually equipped with ar, external
radiator of thin metal fins).
•	 Cooling by air or gas.
Heat is removed from the X-ray tube along a copper extension to the anode. This
extension is then cooled by a flow of air (or gas) induced by a fan. This method
of cooling is rather inadequate, and imposes a strict limit on the electrca current.
•	 Cooling by liquids.
Here the heat is carried away by a liquid flowing in the immediate vicinity of the
anode. Oil is preferred for cooling some tubes, since it is a good electrical in-
sulator. Where the cooling of other type tubes is concerned, there is much to be
gained from using water; its ability to absorb heat (much higher than that of oil)
makes it a far more efficient coolant. The liquid is usually circulated by means
of a pump.
Turn to the next page,
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In many X-ray machines a protective circuit is provided to turn off the machine before
damage from overheating occurs; however, the protective circuit could fail, so the
radiographer would be aware of exposure time limitations for his machine. In all but
light duty machines some means of cooling the tube is provided. In a good heavy duty
machine, oil may be pumped through the head, and the oil cooled by water. The time
in service and load limits of the X-ray machine (duty cycle) are determined to a great
degree by the cooling speed of the anode.
The Filameni
The filament is a wire (tungsten, either straight or coiled) within the cathode enclosure
or focusing cup. When heated by an electric current, a "boiling aff" of the electrons
occurs to form an electron cloud. With a potential difference between the electrodes
(positive charge on the anode) the electrons will leave the vicinity of the cathode and
speed town7-11s the target at the anode. With variations in the current applied to the
filament, the quantity or intensity of usable X-rays will increase or decrease as the
current is increased or decreased.
The Tubehead
The tubehead supports the tube and the electrical leads to the tube. To prevent X-rays
(other than useful beam area) from becoming a hazard and scatter radiation problem,
the tubehead is lead shielded; however, the window remains unshielded, a void space
between the tube and the tubehead permits flow of a coolant around the tube, thus re-
moving hoat that is unavoidably produced in large quantities along with the desired
X- rays.
Turn to the next page.
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The Window
The X-ray beam emerges from the tube through a port or window. This window will
vary in its make up depending upon the size and construction of the tabe. In very small
tubes the window is just the walls of the tube but in large tubes the walls of the tube
must be reduced in thickness where the useful X-ray beam emerges so that the glass
will not filter out excessive amounts of useful
X-rays. The glass wall of the tube has an
inherent filtering characteristic such that it
will absorb some of the useful X-rays. By
reducing the thickness of the glass at one
point this can be avoided to some degree.
Also in some other tubes the window is made
of beryllium which is a light metal of low atomic number and hence low absorption.
Directly below the window in the useful beam area is the diaphram, a shielded opening
that permits changing of the useful beam size. In many machines a copper filter may
be incorporated in or located close to the
!„/ UTAVNKAM
a^+^S ^ ^GCl^
COPPER FILTER
diaphram. This copper filter shields out
the low energy portion of the X-rays pro-
duced, making the useful beam that falls on
the specimen more nearly uniform in
energy.
Turn to the next page.
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Well, you've been getting off pretty easy here the last few pages, just getting a little
good information to go along with your knowledge of the subject. Well let's get back to
work, some very important items coming up.
The Duty Cycle
A very important factor in the use of X-ray equipment is the duty cycle. Primarily
it determines the life of the X-ray tube. Since this tube is very expensive, we should
be very concerned with getting the most that we can from it.
Tho duty cycle is generally expressed as a percentage - exposure time versus total
time. That is, 100 percent rieaus continuous service; 50 percent means that it is neces-
sary to provide equal rest time after each exposure and so on. The life of an average
tube operating under conventional loads may be from several hundred to over one
thousand hours. One major factor concerning the tube life is the effectiveness of its
r
	
	 cooling. Heat most generallj is the cause of tube failure. If it is overloaded, its life
is considerably - hortened, while its life is lengthened if the tube is underloaded. Also,
the operator can 3,) r such to increase the life of the tube by preheating it (warmup) and
controlling its operation every time it starts working again after an idle period.
The duty cycle is generally expressed as a percentage - the exposure time
versus the . . .
total time . . . . . . . . . . . . . . . . . . . .
	 Turn to page 2-24
r	 ,
tube age
	 . . . . . . . . . . . . . . . . . . . .
	 Turn to page 2-23
tube voltage . . . . . . . . . . . . . . . . . . .
	 Turn to page 2-25
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Tube age? That's not quite right but it does have something to do with the tube life.
Duty cycle is the percentage of exposure time versus the total time. Total time was
the correct answer. Here are some examples of duty cycles:
25 percent, means that if the tube is on for 10 minutes it must rest for 30 minutes.
90 percent, means that if the tube is on for 90 minutes (1 1/2 hours) it must rest ::>
10 minutes.
Return to page 2-22 and make another choice.
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Total time. Hey, that's right! Very good ! Remember that the (Ay cycle is expressed
as a percentage. Some other causes of X-ray tube failure are;
• Mechanical fr actu *e - Mechanical shock,
• Ring fracture of the glass - Internal stresses - appears as a ring; or thin line
on glass envelope.
• Puncturing of glass - Electric spark - faulty mounting - bubbles in glass.
0 Filament burn-out - Excessive current on the filament. Excessive voltage on the
filament.
• Inverse filament burn-out - Backfiring of tubes using alternating voltages.
• Melted focal spot - Excessive loading and time control failure.
• Melted anode - Heat storage capacity exceeded.
• Gassy tube - Tube overloaded or poorly outgassed.
Turn to page 2-26.
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Tube voltage? . . . Nope, that's not right. But, tube voltage does have to do with
the tube life. The correct answer is total time. The tube life is very important but
we ara concerned with the duty cycle right now and even though the duty cycle has to
do with tube life we only want to define it here.
Remember duty cycle is expressed as a percentage. Here are some examples of duty
cycles.
25 percent, paeans that if the tube is on for 10 minutes it must rest for 30 minutes.
90 percent, means that i. the tube is on for 90 minutes it must rest for 10 minutes.
Return to page 2-22 and make another choice.
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The f ocal Spot
The focal spot in an X-ray tube is the projected beam from the focal area of the target
which, when bombarded by electrons, produces the primary X-ray energy.
An effort is made in X-ray tube design to achieve the smallest po!,sible focal spot
consistant with volt tge and current requirements, melting tempt- rature of the target
material, and field coverage needed. The small focal spot requirement increases the
quality of radiographs by improving the definition. A m ►
 re dotailed study of the effect
of the focal spot size is made in Volume IV of this set.
FOCUSING
CUP.,	 ELECTRON BEAM
Looking at the cathode and the anode head-on they may look something like this:
Turn to the next page.
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If we were looking at the target from this position;
ELECTRON BEAM
CATHODE
,-Ar	
^.
AN ODE
The focal area would appear oblong on the face of the target as illustrated. However,
if we were looldng at the target from this position;
ELECTRON BEAM_ - - _ _ - - f 
I
'	 ANODE
-
LI
^	 ^	 I
I
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FOCAL SPOT
TARGET
MATERIAL
ANODE
The focal area would be projected (or would appear) as a spot (focal spot) on the fac.-
of the anode.
Turn to the next page.
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By controlling the size and shape of the filament and focusing cup; and, by controlling
the size, shape, and angle of the anode and target we have created a focal spot that is
very small and uniform in shape. Remember this is called the focal spot. The size
of the focal area is limited by the heat that is generated on the target. If the focal
area is too small the heat will melt the target. The .focal area is therefore a com-
promise to provide the smallest possible focal area, and thus a very small focal spot,
without unduly shortening the life of the tube.
The angle of the target in no way affects the size of the focal spot.
True . .	 .	 .	 .	 .	 .	 .	 . .	 .	 .	 .	 .	 .	 .	 .	 . .	 .	 . Turn to page 2-29
False .
	
.	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . Turn to page 2-30
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The angle of the target has a great do ,al to do with the focal spot size. You chose the
wrong answer. The angle of the target is established by the manufacturer to provide
the smallest focal spot possible consistent with the heat that the target material can
endure without serious damage.
Return to page 2-98 and read it again.
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False is the correct answer, well done. The angle of the target actually determines
to a great extent the shape of the focal spot along with the other variables such as volt-
age, current, shape of focusing cup and the efficiency of cooling. It is important to
remember that we are wortdng for a small focal spot. When you get into Volume IV
you will see, because of the geometry of the X-ray beam, that a small focal spot gives
clearer and more distinct lines on the radiograph.
0
4	 Turn to page 2-31 for a summary of Chapter 2.
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SUMMARY OF CHAPTER 2
First	 The X-ray tube is a sealed-off glass envelope evacuated to the highest
possible vacuum. It contains components such as the filament, anode.,
target, cathode, and electrical wiring that makes it possible to produce
X-rays.
Second	 The anode is the positive el strode with a target material imbedded into it.
Third	 The cathode is the negative electrode. It is shaped to form the focusing cup,
and houses the wire filament.
Fourth	 The target is made of special material (Tungsten) and is imbedded into the
face of the anode.
Fifth	 Tube cooling is a very important factor and is provided by the radiating of
heat, or by the circulation of water or oil about the tube anode.
Sixth	 The tube filament is a straight or coiLad wire. When heated, the filament,
provides electrons to travel at high speed to the target.
Seventh	 The window is the area on the glass tube through which the X-ray beam
passes.
Eighth	 The duty cycle is expressed as a percentage - exposure time versus total
time.
Ninth	 The X-ray tube should be designed so that the focal spot is as small as
possible. Tube cooling, size, shape, and angle will determine the size of
the focal spot.
Turn to page 2-32 for a short review.
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1. Name three functions of the X-ray tube necessary to generate X-radiation.
1.	 Provides s	 of electrons.
2.	 Provides a means of a	 electrons to high speeds.
3.	 Provides t	 material.
4. cathode
5. The glass envelope of the X-ray machine must be a vacuum or the electrons(choose from below)
will	 the air molecules causing	 and loss of energy.
Choose:	 add to	 join to	 ionization
collide with	 activation	 filtration
8. water
9. The dissipation of heat in an X-ray tube is not a critical item in the design of
the X-ray tube and equipment.
True
False
12. angle
13. The size of the f	 s	 and the cooling system's efficiency for
cooling the anode govern the electrical power that can be absorbed by the
X-vay tube.
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1.	 1. source
2. accelerating
3. target
2. Name the two electrodes in the X-ray tube.
1.	 a
2.	 c
5. collide with, ionization_
6. Long anode tubes with their extended anode are user? for wide angle beam (3600)
shots.	 Also, the radiographer can make , X-rays in areas too shall to place film,
but large enough to insert the long anode tube.
Tate
False
9. False
10. The d	 c	 usually determines the length of time, per exposure,
the X-ray equipment may be used and is expressed as a percentage, e.g.,
50 percent, 25 Percent,
	 and etc.
13. focal spot
14. That material which is bombarded to create X-rays is the
2-34
2. anode
cathode
3. What is the charge applied to the anode?
positive or negative
6. True
7. Three required properties of the target material are:
1.	 Higr atomic number
k
2.	 High thermal conductivity
3.	 High m	 point
10. duty cycle
11. The size of the focal area and the tube current will determine the amount of
heat that will be generated on the tube target.
True
False
14. target
15. The	 is the highly charged positive electrode.
L
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3. positive
4. The filament is part of the:
anode or cathode
Return to page 2-32, frame 5.
7. melting
8. The three methods of anode cooling are:
1.	 Heat radiation
2.	 Circulation of air or gas
3.	 Circulation of w
	
or oil. Return to page 2-32, frame 9.
11. True
12. The a	 of the target helps determ!ne the size of the effective focal spot.
Return to page 2-32, frame 13.
15.
Let's
anode
move now to our next area of study. 	 Chapter 3 Power Supply for X-Ray.
Turn to the next page.
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CHAPTER 3 — POWER SUPPLIES FOR X-RAY
'You awake? Good, that's a requirement of those reading about power supplies.
From our studies in Chapter 1 and 2 we should have learned that we must have a
source of electrical power. t:.vc is, voltage and current to make the X-ray tube
perform. Do you remember that we need a high positive charge on the anode? This
requires a high voltage. The filament however, needs only a low voltage. Let's see
if we can discover where we get these high and low voltages.
ff you had a table lamp and needed power to light it, what would you do?
Sure, you would plug it into the wall outlet. The power at the wall outlet is usually
110 volts. Commercial power available in industrial areas or shops is usually 220
volts and 440 volts. But, since the commercial power is not, always the correct volt-
age for X-ray generation, it is necessary to use a transformer to
i^r
Turn to the next page.
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provide the correct voltage. Let's say, for example, that the X:-ray machine requires
50, 000 volts to operate but that only 220 volts is available.
220
VOLTS
And to complicate things even further, the voltage required on the filament is only
10 volts.
With the use of transformers we can get the correct power to fill both of these needs.
Commercial power is usually available . . . . .
but seldom in the required voltages ......................Curn to page 3-4
and always in the required voltage ..................... 'Turn to page 3-3
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No, this is not very likely, the commercial power will not always be just what you need.
It is for this reason that we have to use transformers with the X-ray equipment. When
commercial power is not available in the correct voltages, we must have a means of
changing it to voltages we can use. Read pages 3-1 and 3-2 again and then make another
choice on page 3-2.
9
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That is so right. We can usually be sure of having commercial power, but it will
seldom come in the voltages that we need.
Transformers
A transformer is an electromagnetic device for changing the voltage of alternating '
current to a higher or lower voltage. In X-ray equipment, to ensure the correct volt-
ages where they are needed, it is necessary to use transformers. Generally speaking,
three transformersi are required for X-ray equipment.
• The autotransformer
• The step-up transformer (high-voltage transformer)
• The stepdown transformer (filament transformer)
The three transformers are connected together in an arrangement especially designed
to furnish the correct voltages to the X-ray equipment.
The three transformers used in X-ray equipment (autotransformer, high-voltage
transformer-, and the filament transformer), arc used for increasing the voltage from
the commercial source.
Correct	 . . . . . . . . . . . . . . . . . . Turn to page 3-5
Incorr^ct . . . . . . . . . . . . . . . . . . Turn to page 3-6
•
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"Correct", is an incorrect answer. The three transformers in the X-ray machine are
not all used to increase commercial voltage. The autotransformer adjusts the com-
mercial power to fit the needs of the X-ray equipment. The high voltage transformer
increases the voltage from the autotransformer and the filament transformer decreases
the voltage for use on the X-ray tube filament.
Turn to page 3-6
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Incorrect, that's correct. Oh boy! You chose the right answer. The autotransformer
can either increase or decrease the commercial power to satisfy the input requirements
of the X-ray machine. As for the other two (high voltage and filament transformers)
they are usually connected to the autotransformer so don't care what the commercial
power may be.
The autotransformer (compensator) is used to change or compensate for incorrect
voltages supplied by commercial sources. If the commercial power is not the correct
voltage required by the X-ray equipment the autotransformer will change it to fit the
equipment requirements.
AUTOTRANSFORMER
The above illustration shows how the autotransformer would work when the X-ray
equipment required a voltage lower than the commercially supplied source.
WITH LOW
COMMERCIAL
POWER INPUT	 VOLTAGE SELECTOR
	 REQUIRED
HIGH VOLTAGE
TO EQUIPMENT
The above illustration shows how the autotransformer would work if the X-ray equip-
ment required a higher voltage than the commercial source supplied.
Turn to the next page.
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With the range of selections that can be made on the voltage selector, the commercial
power can usually be changed to fit the need of the X-ray equipment.
The step-up transformer, also called the high voltage transformer, will get its power
from the autotransformer and then step it up to the voltage required on the anode of
the X-ray tube. For example, the autotransformer will furnish 110 volts to the step-
up transformer. The step-up transformer may in turn step up the 110 volts to 50, 000
volts (50 kv) for the high positive charge (DC) required on the anode.
SECONDARY
WINDING
fl=_ -	 110
COMMERCIAL	 (	 VOLTS
POWER
	
	
PRIMARY
WINDING
AUTOTRANSFORMER
(50 K0
STEP-UP
TRANSFORMER (HIGH VOLTAGE)
TO
X-RAY TUBE
ANODE
50,000 VOLTS
The autotransformer furnishes the adjusted power to the step-up transformer and the
stepdown transformer. The step-up transformer furnishes the power to the X-ray
tube:
Filament.................................................. Turn to page 3-9
Anode..................................................... Turn to page 3-8
A
SECONDARY
	
X-RAY TUBE
WINDING
L. f
j
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The step-up transformer furnishes the power to the X-ray tube anode. You chose the
correct answer, very good.
The stepdown transformer also called the filament transformer, can get its power from
the autotransformer and step it down to the voltage required on the X-ray tube filament.
For example, the autotransformer will furnish 110 volts to the stepdown transformer,
the stepdown transformer in turn may step down the 110 volts to 10 volts for the heating
of the wire filament.
STEPDOWN
(FILAMENT)
TRANSFORMER
The filament transformer, because the voltage goes from a high voltage to a low volt-
age, is a
stepdown transformer .......................................... Turn to page 3-10
step-up transformer ..........................,.....a.......... Turn to page 3-11
auto*ransformer ............................... , ............... Turn to page 3-12
•
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The step-up transformer furnishes power to the anode of the X-ray tube not to the
filament. The filament requires very little voltage to heat it to incandescence. There-
fore, a low voltage from the step-down transformer will be sufficient.
Return to page W-7 and read it again, then make another choice at the bottom of the
page.
J
SECONDARY
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That's right! Very good.
The filament transformer is a stepdown transformer because its primary winding has
more turns than its secondary winding which means that a voltage applied to the primary
winding will be reduced in the secondary winding. You made the correct choice. Very
Good.
In summary, let's ' again the three transformers that are used in the X-ray machine.
• Autotransformer
• High voltage transformer
• Filament transformer
PRIMARY
INPUT
FROM
AUTO-
TRANSFORMER
FILAMEN'
TRANSFO
VOLTAGE SELECTOR
	
	
HIGH-VOLTAGE
PTRANSFORMER
INPUT FROM
AUTOTRANSFORMER
OUTPUT TO
HIGH VOLTAGE
INPUT FROM	 AND FILAMENT
COMMERCIAL	 TRANSFORMERS
SOURCE
AUTOTRANSFORMER
Turn to page 3-13
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The step-up transformer provides the high voltage for the X-ray tube. The filament
transformer is a stepdown transformer and furnishes the power to heat the filament.
Return to page 3-8 and try again.
A
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No, not an autotransformer.
The autotransformer furnishes power to the filament transformer, remember.
The filament transformer takes the power supplied by the autotransformer and reduces
-the voltage, therefore it is a stepdown transformer.
Turn to page 3-10.
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Control Instruments and Meters
Essential elements of X-ray generation equipment are: the tube, transformers, a set
of controls, and rectifying equipment. Having discussed the first two, lee's have a look
at the controls. An alternating current is usually supplied either directly from a com-
mercial power line or from a generator set. The current is commonly 50 or 60 cycle,
30 to 60 amp, and 110 to 220 volt. Current, upon entering the X-ray machine, first
•	 passes through the autotransformer which serves to control, through separate circuits,
the primary coil of the high volts a and the filament transformers. The high voltage
transformer steps up the voltage to that necessary to produce X-radiation. The cur-
rent to heat the filament passes through the filament transformer which steps it down,
so that on entering the tube the current is usually 3 to 6 amps at 6 to 15 volts. The
two chief factors that must be controlled then, and controlled accurately, in the X-ray
generating units are tube vole and tube current.
The X-ray Control Panel
The X-ray control panel, houses the current and voltage controls and meters, indicating
lights, and a tim'.ng device. Basically the panel serves two purposee in an X-ray unit:
• Controls &,:^ generation of X-rays so that known exposures can hz made rapidly.
• Provides the protective circuits to prevent damage to the high voltage components.
Turn to the next page.
k
ON
(D
OFF
Kv
INDICATOR
O
LIGHT
® TP
ma	 Kv
®ll®
ma
•
.
®ll® QD
®II
From page 3-13	 3-14
CONTROL
X-RAY CONTROL PANEL
Controls
When the operator selects the proper setting with the kilovoltage (kv) control, a volt-
meter (kv) indicates the penetrating value of the X-ray. The milliammeter allows
the operator to select the X-ray current desired. The use of meters and indicating
lights on the panel keeps the operator informed on the status of the circuits. The
indicating timer indicates the elapsed time of the exposure being made. The length
of time of the exposure must be controlled accurately by a synchronous timer or other
reliable timing device.
Turn to the next page.
KILOVOLTMETER
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AUTOTRANSFORMER
TO FILAMENT
TRANSFORMER
,FILAMENT
X-RAY
TUBE
q
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FINS
®	 1
Kv
0
PANEL
CONTROL.
KNOB
VOLTACE SELECTOR
Turn to the next page.
HIGH VOLTAGE
TRANSFORMER
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Tube Voltage
Tube voltage, usually expressed as kilovoltages, determines the penetrating power or
energy of the X-radiation. An increase in the tube voltage increases the speed of the
electrons striking the target which in turn produces short wavelength - high energy
X-rays. The operator can control the kilovoltage by adjusting the "kv" control knob
on the control panel. This control varies the voltage to the primary winding of the
high voltage transformer depending upon the X-ray energy desired. A kilovoltmeter
is so placed in the circuit that it indicates the voltage applied to the primary winding
of the high voltage transformer thus keeping the operator informed of the X-ray
penetrating power.
®	 QD
^^^^^^^^1
ma
MILLIAMMETER
ma
•
PANEL
CONTROL
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Tube Current
Tube current controls the intensity of the X-ray beam. The current flowing through
the tube (from the cathode to the anode) is indicated by a. milliammeter on the control
panel. X-ray tube current is controlled and adjusted by means of a rheostat placed
in the circuit with the primary winding of the filament transformer. By thus con-
trolling the filament temperature (with the filament transformer) the emission of
electrons is controlled and consequently the current flow through the X-ray tube is
controlled.
HIGH VOLTAGE
TRANSFORMER
By controlling the filament temperature, the current flow through the X-ray tube is
controlled.
Yes................................................... 	 Turn to page 3-17
No ....................................................... Turn to page 3-18
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Yes. That's right, good going. By controlling the "ma" knob on the control panel
the heat on the filament is increased or decreased. Thus, the current flow through
the X-ray tube will also increase and decrease by the same amount. This is different
than the voltage control in that the voltage on the X-ray tube increases and decreases
the energy or penetrating power of the X-rays.
The meter in the high voltage circuit (secondary winding of the high voltage trans-
,
former) is used to indicate the number of milliamperes passing through the X-ray
tube when the tube is operating. The amount of X-radiation emitted is directly propor-
tional to the tube current. That is if the tube current is doubled, the amount of X-
radiation emitted is also doubled.
The milliameter in the secondary of the high voltage transformer is indicating the
current flowing:
thru the tube filament . . . . . . . . . . . . . . Turn to page 3-19
from the cathode to the anode of the X-ray tube . . . . Turn to page 3-20
J
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No? Sorry, wrong choice. By controlling the current on the filament, we control the
heat generated on the filament. This will cause more electrons to boil off and be
attracted to the anode. These electrons traveling from the filament (cathode) to the
anode is current flow through the X-ray tube and is measured or ind, sated by the
"ma" milliammeter in the secondary of the high voltage transformer circuit. Let's
look at it this way. Consider a pond of water with a gate at one end. The gate of
course controls the flow of water into a small stream that supplies a mill. If we can
think of the pond as the cathode, the gate as the filament and the mill as the target or
anode, we may see that by increasing the heat on the filament is like opening the gate
at the end of the pond. Then the electrons flow from the cathode to the anode and
produce X-rays the same as water flowing to the mill to produce pa,ver to operate the
mill. In fact, in electronics the filament is often called a gate or valve also .reference
is made to the electron stream.
From this description it should be clear that by controlling the filament heat the cur-
rent flow through the X-ray tube may be controlled.
Turn to page 3-17.
From page 3-17	 3-19
The milliammeter in the secondary of the high voltage transformer is not indicating
the current flow through the tube filament. It is, in fact, indicating the current flow-
ing through the X-ray tube that is from the cathode to the anode. You see there are
two different circuits, one circuit furnishes current to heat the filament, that is all
that this circuit does. The other circuit is the high voltage circuit to the X-ray tube
(cathode to anode) and this is the current flow we are interested in. By changing the
filament heat, the current flowing between the cathode and the anode will ' l lso change.
Return to page 3-17 and read it again.
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Yes, that' ,--, correct. The milliammeter in the secondary of -the high voltage trans-
former i6 indicating the current flowing from the cathode to the anode of the X-ray
tube.
Incidentally, since the source of power of the X-ray equipment is usually a commercial
source, it is very common to have line voltage fluctuations. These fluctuations can
have a considerable affect on the tube current. For this reason most X-ray units have
stabilizer devices to compensate for line fluctuations. Generally it is more important
to stabilize tube filament current because of the greater effect line fluctuations have
on it.
Remember this about tube current. The amount of X- radiation emitted is directly
proportional to the tube current. That is, if the tube current is doubled, the amount
of X-radiation emitted is also doubled. The operator can control the tube current by
adjusting the tube filament heat.
Beside; the controls and indicating instruments already mentioned, there are other
miscellaneous control de-ices including on-off switches, automatic exposure timers,
exposure counters, and clocks for recording the total time of tube operation.
Turn to the next page.
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Exposure Time
The length of time that radiation i,s emitted is the exposure time. It is recorded and
controlled by an interlocked timer on the control panel. The timer, interlocked into
the high voltage circuit, can be made to start and stop (in pre-set time intervals) the
emission of X-radiation. The operator must set the timer to the time ideally suited
to the specific work he is doing before the machine can be turned on.
INTERLOCKED
TIMER
TO
FILAMENT
TRANSFORMER
MILLIAMMETER
TO AUTO-
TRANSFORMER
	
liltI!//^/
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X-RAY
TUBE\	 /
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Can the operator turn on the X-ray tube without first activating or setting the timing
mechanism?
Yes ..................................................... 	Turn to page 3-23
No .......................................................
	Turn to page 3-22
4100r>
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HIGH VOLTAGE CIRCUIT OPEN
NO X-RADIATION GENERATED
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4	 2
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You made the correct choice. No, he cannot turn on the X-ray tube without first
activating or setting the timing mechanism. The timer must be set to a certain time
in order to activate the X-ray tube. When the timer is at 11 0" the high voltage circuit
is open and the X-ray tube will not generate X-rays. For this reason, when the
timer is set, at say 11 2 11 , the tube will generate X-radiation for two minutes and then
when it reaches 11 0" will automatically stop the generation of X-rays.
If we could look into the timer it might look something like this:
INTERLOCK
TIMER
3
4	 2
FROM HIGH
VOLTAGE
TRANSFORMER
6 1 1 0
TO X-RAY
TUBE
QD J19 	
HIGH VOLTAGE CIRCUIT CLOSED
X-RADIATION GENERATED
Turn to page 3-24
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You made an incorrect choice. No, he cannot turn on the X-ray tube without first
activating or setting the timing mechanism.
Return to page 3-21 and make another choice.
6-r
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Equipment Protective Devices
X-ray apparatus must be safe to use, it must also be protected against damage through
inadvertent misuse. Generally speaking, the protective circuits are autornatic and
work independent of the operator to protect the equipment and personnel.
The thermal overload circuit breaker, usually incorporated in the main line switch
assures that in the event of component failure the main power will be disconnected
before extensive damage is done to ;he X-ray tube.
The overvoltage protection circuit protects against excessive voltage on the equipment
due to operator carelessness or component failure.
Four things that can damage the equipment:
• High temperature
• High voltage
• High current
t
	 • Rough handling
Causes:
• Operator carelessness
• Component failure.
The degree of dependability of the equipment will be determined by the type of protection
provided in the unit.
Turn to the next page.
TRANSFORMER STEP-UP OR STEPDOWNTRANSFORMER.
APACITOR
ACTS AS A RESERVOIR .
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Hey! You're doing great. keep up the good work.
We've been studying some of the basic power requirements of the X-ray generator.
And, we've had an exposure to the basic circuit design of the X-ray equipment. Our
next Step is to get a little more specific and familiarize ourselves with some of the
other circuits that are very important to the radiographer. First, before we do any of
this let's establish some basic symbols to simplify the study of the circuits that follow.
Let's get acquainted with these symbols:
--► 	 PLATE
RECTIFYING TUBE (DIODE)	 CURRENT FLOW IN DIRECTION
__E:
OF ARROW ONLY.
FILAMENT
.L
	
VOLTAGE REFERENCE.
GRAND	 PERSONNEL AND EQUIPMENT'
PROTECTION.
-now	
TARGET
CURRENT MUST FLOW IN THE
X-RAY T-_	 DIRECTION OF THE ARROW
TO PRODUCE X-RADIATION.
FI LAM EN T
Now that's not too many to remember is it?
Study these symbols and then turn to the next page to check yourself.
f
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On the last page you were shown some electrical symbols, they are shown again below,
see if you can identify them correctly.
(DIODE)
Check your answers on page 3- 25 and then return to this page.
Do you know the difference between alternating current (a. c.) and direct current (d. c.)?
Are you familiar with rectification and rectifiers?
Yes. . . . . . . . . . . . . . . . . . . .	 Turn to page 3-34
No. . . . . . . . . . . . .	 . . . . . . . .	 Turn to ppge 3-27
VOLTAGE 0
6.
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You have said that you do not know the difference between alternating current (a. c.)
and direct current 'd. c.). And, that you are not familiar with rectification. Well, in
a sense they are all tied together. That is, if we have an alternating current (a. c.)
we can change it to a direct current (d. c.) by rectification. So,
ALTERNATING + RECTIFICATION =
	
DIRECT
CURRENT	 CURRENT
Ooops, we're getting a little ahead of ourselves, let's find out about these terms.
Alternating current (a. c.)
Alternating current (a. c.), as the name implies, alternates in direction, first one way
and then the other. It goes positive and then negative.
Starting at zero, it goes positive and then back to zero.
Turn to the next page.
I
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Then from zero it goes negative and then back to zero again.
NEGATIVE HALF CYCLE
And, then it goes positive again and negative again and so on until ?& looks like this:
^--	 1 CYCLE	 ----^
Alternating current travels in ......
one direction . . . . . . . . . . . . . . . . . 	 Turn to page 3-29
two directions . . . . . . . . . . . . . . . . . 	 Turn to page 3-30
VOLTAGE 0
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Now that is not what I told you. Alternating current travels in two directions. Do you
recall from our diagrams that the current traveled first on top of t1.e zero line, you
+	 see the arrow? That means the current
is traveling in a positive direction.
VOLTAG 0
	
That is one direction, next it is goingE 
TIME	 to go in the opposite direction - down.
Now the arrow is pointed in the negative
direction. This indicates that the cur-
rent is traveling in the opposite direc-
tion. It changes direction like this
twice every cycle. Now it will go posi-
tive again, then negative again and so
on and on.
Remember now - alternating current travels first in one direction and then in the
ether, positive and then negative.
POSITIVE
0
I
NEGATIVE
POSITIVE	 POSITIVE
NEGATIVE
ALTERNATING CURRENT (a.c.)
Now turn to page 3-30
J
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NOT GENERATE X-RADIATION.i
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You're right, verrry good. Alternating current does travel in two directions.
POSITIVE and NEGATIVE
You probably know that regular house current (60 cycles per Fsecond) changes direc-
tions 120 times per second (twice each cycle). If we were to put 60 cycle current into
the X-ray tube it would look like this:
1 CYCLE
VOLTAGE (
We already know that current must flow from the filament to the target in order that
X-rays be produced. However, we notice here that when the current is going in the
negative direction, current is flowing from the target to the filament.
It is obvious from the above illustration that X-rays are being generated:
half of the time . . . . . . . . . . . . . . . . . . . . . . Turn to page 3-32
all of the time . . . . . . . . . . . . . . . . . . . . . . Turn to page 3-31
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No, it seems you have missed the point. X-rays will be generated only when the cur-
rent (electrons) is flowing from the cathode(filament) to the anode(target). When the
current flow is from the anode to the cathode X-rays are not generated for two reasons:
1. The anode normally will not get hot enough to emit electrons as the filament
doe..
2. The cathode is not satisfactory as a target material for the electrons to
bombard.
Naturally, it is not desired that X-rays be generated in the negative half cycle, because
of the damage that it will cause to the tube. The filament will be damaged by the bom-
barding of electrons and thus shorten the life of the X-ray tube.
Return to page 3-30, review the illustration and make another choice at the bottom of
the page.
VOLTAGE 0
VOLTAGE 0
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That is correct, with a. c. flowing into the tube, X-rays will be generated only when
the electrons are flowing from the filament to the target (in the pos i tive direction).
Rectification and Direct Current
Do you remember this? 	 ALTERNATING plus RECTIFICATION equals DIRECTCURRENT	 CURRENT
We already know about alternating current, let's see what the rest of
	 means. Let's
look at an a. c. waveform:
Now let's chop off the bottom or the part that goes from zero to negative.
When we do this we have rectified the alternating current waveform and we now have
direct current. If you will notice, the only part of the wave that is left is the positive
part. If we look at it going throng;.: :e X-ru.y tube it will look like
Turn to the next page.
A.
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this:
VOLTAGE 0
TIME
Here again we will have X-rays being generated only half of the time. But, we have
now eliminated the bad effects of the current flow in the negative direction. This is
rectification, we now have current that flows in one direction only.
So, in summary, alternating current flows in two directions, (positive AND negative)
d irect current flows only in one direction (positive OR negative). Rectification changes
alternating current to dire . st current.
Turn to the next page.
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Very good, you know what alternating and direct current are and that rectification
changes alternating current to direct current.
As already pointed out, X-rays can be produced only with a current that flows in one
direction (direct current). Therefore, alternating current coming from the high voltage
transformer must be rectified to a direct current.
Here are some advaufages of rectified current:
1. Assured current flow between the cathode and the anode in only the desired
direction.
2. Prevents unnecessary heating of the tube and useless reverse current.
3. It can be further modified by the proper circuitry to produce a current which is
almost constant.
4. In the better circuits, constant current flow results in shorter exposures times
and more uniform X-ray energy.
5. These circuits permit longer exposure without stopping to cool the tube, this
permits almost continuous use.
Turn to the next page.
VOLTAGE 0
-a- TIME
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In X-,ray generation there are two main methods of rectification:
•	 Self-rectification, in which the X-ray tube itself performs the rectifying action.
• The rectifying tube, where rectification is by means of vacuum tubes.
Self-Rectification
This is the simplest method of rectification. It can only be used with X-ray tubes
having an anode that is much cooler than the cathode. With the properly cooled tar-
gets of modern X-ray tubes it is possible to build very compact self-rectifying units.
If this requirement is met, electrons will be emitted from the hot catriode during the
half cycle when the current on the anode is positive. During the other ha?.f cycle when
the anode is negative, no electrons are emitted from it because its temperature is too
low. Therefore, when the tube functions as its own rectifier, X-rays are , produced
ordly half of the time as shown below:
The long exposure time and cooling off periods are undesirable but are offset by the
advantage of simple, compact, portable units that justify the use of self-rectified
units.
Turn to the next page.
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The self-rectified units fall into the area of light and medium range X-ray units.
They are classified by their electric circuits and their use and output ratings.
Self-rectified X-ray tubes usually employ tank-type units. The tank-type units, as
shown in the following illustrations, usually house the high voltage generator (high
voltage transformer, the filament transformer, and the cooling system) and the X-ray
tube itself.
There are three basic circuit arrangements for the tank-type units, they are:
• The center-tap ground
• The grounded anode
• The grounded cathode
The Center-Tap Ground
This illustration shows a tank unit circuit with self-rectifying X-ray tube, operating
with the center tap of the transformer winding gnoundeL , Grounded center-tap
arrangements are used in most portable medium voltage and power units, the usual
range being from 100 to 300 kvp (kilovolt peak) with beam currents up to 15 ma. The
tube in the medium-power tanks is co, _--d by means of a finned radiation immersed
in the insulating oil or by means of a pump that stirs the oil in the tank. The unit is
air cooled, or if it is possible to have a water supply, water cooled.
Turn to the next page.
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The Grounded Anode
FILAMENT,	 HIGH VOLTAGE
TRANSFORMER	 TRANSFORMEh
N
This illustration shows circuit arrangements for tank units with a self-rectifying
X-ray tube operating with grounded anode. With this arrangement, portable units
can be equipped with an external anode. That is, an anode that can be extended out-
side of the tank unit. This is because, with the anode at ground potential, there is
no high voltage danger on the extended anode. This unit may range from 80 to
180 kvp, with a current range up to 10 ma.
J
The grounded-anode machine has the following advantages:
• The X-ray source can be brought closer to the objects to be X-rayed.
• The grounded anode can be cooled with fans and pumps.
• X-ray tubes with 360 degree emission can be used.
Turn to the next page.
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The Grounded Cathode
This illustration shows the typical circuit arrangement used in tank units with a self-
rectifying X-ray tube operating with grounded cathode. These tank units form the
majority of portable units for low voltage and power. They operate in the range from
25 to 250 kvp and 3 to 6 ma. The tank unit is remarkable for its light weight, the
unit being reduced to the essentials, namely, to the high voltage transformer and
X-ray tube. Because the cathode is at ground pitential, the filament transformer
is not installed inside of the tank. The X-ray tube is generally cooled by means of a
finned radiator immersed in the insulating oil. The unit is air-cooled by convection
or, if it is possible, water-cooled.
Remember these three b- gic circuit arrangements:
• Center-ta_ p_ground
• Grounded anode
• Grounded cathode
Turn to the next page.
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Units With Separated Components
Before we talk about rectifying tubes, let's look for a moment at units with separated
components. On the preceding pages we talked about the tank type unit where the high
voltage equipment was all enclosed in a tank with the X-ray tube. In larger units the
X-ray tube is mounted separately from the tank which encloses the main high voltage
equipment. The X-ray tube is contained in a shock-proof head and connected to the
tank by shock-proof high voltage cables. The greatest advantage here is higher output.
These units cover the range from 235 to 400 kvp with current ratings up to 20 ma.
TANK-TYPE X-RAY UNIT
.HIGH VOLTAGE
TRANSFORMER
FILAMENT
TRANSFORMER
i
RECTIFIER
UNIT
SEPARATE COMPONENTS X-RAY UNIT
Turn to i ie next page.
VOLTAGE 0
S WILL BE
ATED
i WILL NOT
ERATED
From page 3-39	 3-40
Rectifying Tubes (Diode)
Okay, now that we have discussed the difference between the tank type and the units
with separated components let's have a look at the rectifying tube. Rectifying tubes
are essentially like X-. Ly tubes. They consist of an evacuated envelope containing a
cathode and anode. The cathode filament is heated to incandescence and emits elec-
trons. When alternating current from the secondary of the high voltage transformer
is applied across the tube, electronS move through the gap and are collected by the
anode. However, because of the low voltage between the plate and the cathode, X-rays
will not be produced.
-NO. ANODE (PLATE)
CATHODE (FILAMENT)
RECTIFYING TUBE
(DIODE)
CURRENT FLOW IN THE
DIRECTION OF THE ARROW,
FROM CATHODE TO ANODE.
The rectifying tube is used in the X-ray equipment circuits to rectify the current
before it gets to the X-ray tube. This removes the adverse effect of the negative
half cycle passing through the X-ray tube. Current, of course flows through the
rectifying tube in only one direction and only when the cathode is negative. During
the other half cycle when the cathode is positive and the anode is negative, no elec-
trons flow. Therefore, voltage is delivered to the X-ray tube only half the time and
the wave form is essentially the same as that of the self-rectifying X-ray tube.
Turn to the next page.
RECTIFYING
TUBE DIRECTION OFCURRENT FLOW
VOLTAGE 0
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Half-Wave Rectification (Rectifier Tube)
Rectifier tubes (diodes) offer a reliable means of rectific%ttoa and there are a number
of ways of using them in high voltage circuits to provide rectification. The simplest,
least expensive rectifying circuit is the single rectifier. This provides a half-wave
d. c. supply to the X-ray tube and prevents reverse current flow from reaching the
X-ray tube by means of a rectifying tube in the X-ray tube circuit.
X-RAY TUBE
The single rectifier eliminates one objection to straight a. c. supply, that of reverse
current flow. But, retains the disadvantage of current flowing only half of the time.
+1
-I
As you know, half-wave rectification makes necessary longer exposure times and
cooling off periods for the X-ray equipment. What can we do about this?
Turn to the next page and see.
r
DIODE
1 DIRECTION OF
CURRENT FLOW
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Full-Wave Rectification
Full wave rectification can be obtained by a symmetrical arrangement of two diodes
and a transformer as shown:
When the alternating current :n the high voltage transformer goes in the positive direc-
tion, current flows through DIODE 1 and into the X-ray tube. Then when the alternating
current goes in the negative direction the current flows through DIODE 2 into the X-ray
tube and we get a waveform through the X-ray tube that looks like this:
VOLTAGE 0
FULL-WAVE RECTIFICATION
PULSATING DIRECT CURRENT
Turn to the next page.
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 and read ' those' upside-down pages.
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Another full-wave rectifier cir^uit is the Gratz circuit in which four diodes are ub.­.d.
With this arrangement two of the diodes at a time are energized alternately, so that
the X-ray tube receives a one-direction cui: ent through the whole cycle.
f ^►
f ~ O^ ^^ E
N	 BRIDGE
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Full-wave d. c. will provide almost constant one-direction current flow and pulses
from zero to peak voltage. This improves the exposure time factor but the X-rays
produced will vary ire energy with the pulsing of the current producing many lower
energy, undesirable X-rays along with the higher energy, desired X-rays. Our next
step is to try to eliminate this pulsing from zero to peak twice each cycle.
It is better to have a voltage that is pulsating from zero to maximum and back to zero
than it is to have a constant voltage.
Right ..................................................... 	Turn to page 3-46
Wrong ................................................... 	 Turn to page 3-45
1...
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"Wrong". That's right! You say that it is better to have a const.,"l at voltage going
through the X-ray tube. Very good thinking. But do you lmow why? Well its quite
obvio4s that if the voltage to the X-ray tube is pulsating, the energy of the X-rays pro-
duced will also pulsate from a very low energy to a maximum energy for the X-ray
tube. This of course will require longer exposures and longer cooling periods for the
X-ray equipment. With a constant voltage, the energy of the X-ray beam will remain
constant thus improving considerably the efficiency of the X-ray tube.
Turn to page 3-47.
J ^d
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Right you say? No, I'm sorry but that is not right. A pulsating voltage to the X-ray
tube will result in an X-ray beam Chat pulsates in energy from a very low energy to the
maximum energy of the tube. This of course will require longer exposures and longe
cooling periods for the X-ray equilpment. However, with a constant voltage, the energy
of the X-ray beam will remain constant thus improving considerably the efficiency of
the X-ray tube.
Turn to page 3-47.
.. , A,/ .4
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When a capacitor is connected as indicated below, it tends to maintain the voltage and
current supplied to time X-ray tube. In the waveform shown below, the voltage which
would otherwise be varying betw^en zero and the maximum twice each cycle,. is main-
tained close to the maximum value with only a comparatively small ripple. Instead of a
full-wave pulsating voltage such an arrangement furnishes a substantially constant
voltage.
VOLTAGE 0
TIME
In the circuits thus far considered the maximum voltage applied to the X-ray tube has
been limited by the voltage , ' y (,reloped by the high voltage transformer. When a capaci-
tor l:as been included it has bc. -a connected in parallel with the X-ray tube and 'Liao
acted merely as a reservoir, charging up ao the voltage increases and discharging
through the tube as the voltage decreases.
Turn to the next page.
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A very simple construction utilizes the Villard circuit, in which a diode is arranged
to pass current in the opposite direction to the X-ray tube, and capacitors are con-
nected in series with this combination and the high voltage transformer.
.a- —► 	 r"Y1	 .0.
T
	
``	 /
\`y/
VOLTAGE SUPPLIED TO THE X-RAY TUBE
ALTERNATING CURRENT SUPPLY FROM TRANSFORMER
This circuit has the advantage of doubling the peak voltage from the transformer.
High voltage that travels in one direction and is nearly constant is the most ideal for
the generation of X-rays but not always the most practical:
Right .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 . .	 Turn to page 3-49
Wrong .	 .	 . . .	 . . . .	 . .	 . . . . .	 . . .	 Turn to page 3-50
6x
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Right! Constant, one direction, high voltage is the most ideal for the generation of
X-rays but is not always practical. Higher cost, more equipment, complex circuits,
size of units, mobility of units, particular use or requirements, and many other factors
all must be considered when determining equipment requirements.
Turn to page 3-51.
0
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Wrongl You should have chosen "Right". Constant, one direction, high voltage is the
most ideal for the generation of X-rays but is not always practical. Higher cost, more
equipment, complex circuits; size of equipment, mobility of equipment, particular use
or requirements, and many other factors all must be considered when determining
equipment requirements. For example if you needed only a small, portable, low volt-
age unit for inspection of very thin metal plates, it would be very impractical to buy a
large high voltage unit that was too heavy to move from place to place with ease.
Turn to the next page.
1CURRENT
FLOW
VOLTAGE
The Greinacher circuit produces a voltage that is doubled and has only a slight ripple.
.Equipment using this type circuit, is commoriv referred to as constant potential equip-
ment because of the nearly constant direct current.
	 • ' w
Turn to the next page.
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The Greinacher circuit (a more complex circuit) produces an almost uniform voltage
potential to the tube. This eliminates almost all disadvantage of a. c. supplies. Ob-
viously a constant unvarying d. c. is most desirable, but not generally available.
VOLTAGE SUPPLIED TO THE X-RAY TUBE
VOLTAGE FROM THE TRANSFORMER
-r a^^q=ar.».«	 .... ., a	 ^ x	 . ,	 sir' s, ^
6t
From page 3-51	 3-52
Heavy duty industrial X-ray machines are available in a variety of sizes, generally
ranging from 150 to 400 kv. Special units up to and ' above 2 million electron volts
(mev) are also manufactured, but are often too bulky and heavy to be truly portable;
however, they produce the higher quality radiographs. Light and medium duty models
that can b,3 carried by hand are available in power up to about 300 kv In self-rectified
units. Special machines are available for particular uses. Long or rod anode tube
models are made for panoramic shots; that is, shooting from the center of a pipe
inside diameter I. D. to examine 360° of a weld in one shot. Various other models with
a variety of beam widths and angles are also available.
Special Electron Accelerators
In the next few pages a discussion of some of the special electron accelerators will be
given. These X-ray generators are designed to accelerate the electron to very high
velocities thus producing very high energy X-radiation. The inspection of very large
or very thick specimens require a great deal of penetrating power. These various high
voltage electron accelerators range in voltages from 2 to 25 men .
Turn to the next page.
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The Resonance-Transformer 'hype X-Ray Unit
In the resonance-transformer unit, the X-ray tube is symmetrically located within
the transformer. The electron is accelerated to very high velocity by intermediate
electrodes, and is magnetically focused by a focusing coil as it enters the extension
chamber. This type X-ray generator is -sbd for voltages ranging from 250 to 4000 kvp
and will penetrate up to 8 inches of steel.
Turn two the next page.
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The Linear Accelerator
The linear accelerator uses a high frequency wave and wave guide to accelerate elec-
trons toward the target. Basically, this type of equipment contains an electron gun
(filament), a source of radio-frequency power accelerator, a length of copper-pipe wave
guide. The electrons are accelerated along the wave guide by an electrical field. This
type equipment is being utilized industrially in the range from 5 to 25 mev and will pene-
trate up to 16 inches of steel.
CATHODE OR
ELECTRON GUN	 WAVE GUIDE	 TARGET
RADIO FREQUENCY
INPUT
COLLi :!ATOR
Turn to the next page.
From page 3-54	 3-55
Electron Ream Focusing
In multi- section tubes the electron beam may travel a distance of several feet before
striking the target. The beam spreads after entering the first intermediate electrode.
This spreading may be reduced somewhat by the electrostatic field between the electrodes
of succeeding sections. Magnetic focusing permits the size of the beam to be independ-
ently controlled. Such tubes can be built seemingly for any voltage, no matter how high.
This tube differs from the linear accelerator in that it only guides the electrons along
the distance to the target where the linear accelerator actually accelerates the elec-
trons to the target. The tube target can be so designed that the useful cone of X-rays
can emerge from the end of the tube through the target or be taken from the target face
at any desired angle with the tube axis.
CATHODE	 VACUUM TUBE	 TARGET
INTERMEDIATE
ELECTRODE
Turn to the next page.
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The Betatron Accelerator
The betatron accelerator is a magnetic induction type electron accelerator. Through
the use of a combination of a magnet and a transformer the electrons are accelerated
in a circular orbit to very high energies. The X-ray tube is doughnut shaped and is
located between the poles of the large magnet. The Plectrons are injected into the tube
and are caused to circle around within the tube by a magnetic field. Each time the
electron orbits the tube it acquires an increase in voltage and it is gradually guided into
a greater circular orbit until it reaches a very high energy. Then it is guided from its
circular path and made to strike the target and produce X--rays. This principle of
X-ray generation is most applicable in the range above !0 mev.
X-RAY
BEAM
1	 ,
I	 ^
1	 i
I	 1 1	 1	 ^
IIII
I
TARGET
MAGNET
ACCELERATOR
TUBE
CATHODE
ELECTRON REPLENISHER
.
Turn to the next page.
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The Electrostatic Generator
The electrostatic generator consists essentially of a rapidly moving belt that accumu-
lates electrical charges and carries them to the high voltage terminal. The electrical
charges, build up to a high electrostatic charge and this is used to accelerate the elec-
trons through the tube to the target. Also called the Van de Graaff generator.
I	 1
I	 1
I	 ^
X-RAY BEAM
=	 Turn to the next page.
From page 3-57
	 3-58
The main purpose of an electron accelerator is to . . . . . . . .
x
9
. increase the penetrating power of the X-ray beam for inspection of heavier and
	
thicker specimens. . . . . . . . . . . . . . . .
	 Turn to page 3-60
. speed up the electron thus reducing tae exposure time for making a radiograph.
	
. . . . . . . . . . .
	 Turn to p;Ago 3-59
c
6
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That's not quite right. By speeding up the electrons we will reduce the exposure time.
But, this is not the important thing, the real purpose of the electron accelerator is to
increase the penetrating power of the X-ray beam. With this added penetrating power
it 19 possible to inspect very heavy and very thick specimens. Electron accelerators
are used most effectively for the inspection of larger specimens.
Turn to page 3-61.
: #*
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Might you are. Well done. Electron accelerators are used most effectively where
large heavy specimen; require inspection.
It is for familiarization mostly that we have presented these high ^,,oltage electron
accelerators to you.
;jetatrrn
• Van de Graaff (Electrostatic) Generator
• Hesonance- Transform er
• Linear Accelerator
We suggest that your familiarization be suc h
 that you could recognize these equipments
as designed for the inspection of heavier and thicker specimens.
It is not efficient or practical to use a_ ny one design of X-ray equipment for the full
voltage range required. There are many things to take into consideration in the design
of X-ray equipment. Some of these include penetration desired, duty cycle, portability
required etc.
Turn to the next page.
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SUMMARY OF CHAPTER 3
Fr	 Commercial power is not always provided in the requir©d voltages.
Se_ cond	 The three transformers used in X-ray equipment are:
1. Autotransformer
Z. Step-up transformer
3. Stepdown transformer
Third
	
	 A transformer is a device for changing the voltage of alternating
current to a higher or lower voltage.
Fourth
	
	 In X-ray equipment the step-up transformer is called the high voltage
transformer because it furnishes high voltage to the anode.
Fifth
	
	 In X-ray equipment the stepdown transformer is called the filament
transformer because it furnishes low voltage to the tube filament.
Sixth	 The two chief factors that must be controlled in the X-ray unit are tube
I
	
voltage and tube current.
Seventh	 The control panel contains three important items:
1. Current control
. Voltage control
e. Time control
Eighth
	
	 By controlling the filament temperature, the current flow through the
X-ray tube is controlled.
Ninth
	
	 Exposure time is controlled by an interlocked timer that must he activated
before equipment will work.
Turn to the next page.
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SUMMARY OF CHAPTER 3 (Continued)
Tenth	 Equipment protection devices are installed for protection against:
High temperature
High voltage
High current
Rough handling
Eleventh	 Alternating current-plus-Rectification-equals-Direct current.
Twelfth	 Alternating current travels in two directions. Direct current travels
in only one direction.
Thirteenth	 Self-rectification is where the X-ray rube i'^self performs the rectifying
action.
Fourteenth	 A rectifying tube is used where rectification is other than by self
rectification.
ti4 Fifteenth The tank type X-ray units usually house the high voltage generator (high
voltage transformer, the filament transformer, and the cooling system)
and tie X-ray tube itself.
Sixteenth	 There are three basic circuit arrange] dents for the tank type units, they
are:
1. Center-tap ground
2. Grounded anode
3. Grounded cathode
Seventeenth In larger units the X-r y tube is mounted separately from the tank which
encloses the main high voltage equipment.
Turn to the next page.
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SUMMARY OF CHAPTER 3 (Continued)
Eighteenth
	
	 Rectifying tubes aro used for rectification in other than the self-rectified
units and these tubes will allow current to flow in one direction only.
Nineteenth	 In half-wave rectification, current flows only half of the time.
Twentieth	 In full-wave rectification, current flows all of the time.
Twenty first We discussed about four special electron accelerators:
1. Betatron
2. Electrostatic generator
3. Linear accelerator
4. Resonant-transformer
Turn to the next page for a short review.
11	 aw^
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From pago 3-63
1. The control panel always has a	 installed to control the
duration of the radiographic exposure.
filament
6. autotransformer
high voltage	 J
7. The type of transformer that is used to supply the high voltage to the X-ray tube
Is a Step-transformer.
12. half
13. This waveform is the product of a	 wave rectifier.
18, direct
19. Current that flows in two directions is called
	 currents
-- may_--- -^
r 0
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1. timer
2. By controlling the
	 claw through the X-,ray tube filament, the
intensity of the X-ray beam can be controlled.
7. up
8. The "ma" meter on the control panel reads the current flow between the
cathade and the
	 .
0
10
3.	 full
14. The rectifier circuit that doubles the peak voltage through the tube is called a
voltage d	 circuit.
19. alternating
20. When the X-ray tube itself performs the rectifying action, it is called
-rectification.
0
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2, current
3. A special low voltaga circuit is required to heat the
	 of the X-ray tube.
S. anode
9, The X-ray machine will not generate X-rays until the operator sets the
for the desired exposure duration.
14. doubler.
15. A betatron and a Van de Graa.fi generator axe special electron accelerators.
True
False
20, self
21. In a rectifying tube (diode) the current will flow in two directions.
True
False
k._
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3. filament (cathode)
4. _	 control governs the penetrating ability of an X-ray beam.
9. timer
10. In	 wave rectification the current flows through the tube only during the
(half /full)
positive half cycle of the alteriiating voltage.
15. True
16. The X-ray unit that has the major components (X-ray tube, high voltage
generator, coolants) all in one enclosure is called the
	 type unit.
21, False
22. High voltage that travels in one direction only and is nearly constant is the
most ideal for the generation of i
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4, voltage
5. A	 is an electromagnetic device for changing an alternating
current to a higher or lower alternating current.
F). half
11. In	 w;,ave rectification the current flows through the tube during the
positive and negative half cycles of the alternating voltage.
16. ta_-&
17. Complete this formula:
ALTERNATING	 DIRECT+	
=
CURRENT	 -'RRE NT
22. X-rays
23. A very —
	
voltage is characteric sic in the operation of electron
accelerators.
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n t
5.	 transformer
I6.	 The three transformers required in the basic X-ray circuit are:
a.	 f
b.	 a
c.	 h	 v	 Return to page 3-64,
frame 7.
11,	 full
12.	 Thi° waveform is the product of a 	 wave rectifier.
Return to page
3-64, frame 13.
17.	 RECTIFICATION
18.	 Current that flows in one direction only is called
	 current.
Return to page 3-64,
frame 19.
23.	 high
Turn to the next chapter.
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CHAPTER 4 — GAMMA RAY SOURCES
Isotopes, as radiation sources, have found great favor in industrial and medical. radio-
graphy. Industrial applications of radioisotopes, or simply isotopes for radiographic
purposes, have been well known for many years.
/
-- --- - ---RADIUM 22&---- - - --	 1 1  ' 1
/,
\- - - - -- COBALT 60=-:
'	 ^^ \	 \ X 11 "^I /
--IRIDIUM'192;
//^i / 111 0^^
	
/	 /	 1
/	 I	 1	 1	 ^
Until recently, these were the three most common isotopes and they found wide acceptance
41	 in the testing of steel weldments and large ferrous castings.
Turn to the next page.
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These isotopes were used primarily because they packed a tremendous penetrating
power.	 .	 .	 .	 .	 .	 .	 .	 .
. . . . . . . . . . in a tiny package and the package was highly portable and
relatively inexpensive.
:r
Turn to the next page.
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Radium was the first isotope used for radiographic purposes simply because it was,
available in nature and could be concentrated by refining the ore, pitch-blend. Oddly
enough, man improved upon nature and made isotopes of his own that were more power-
ful, more efficient and less expensive, When cobalt 60 arrived, radium bowed cut, and
today, iridium 192 has replaced cobalt 60 in many applications. With the introduction
of
1 	 ,
-	 1	 1	 I 
------ ---- = CESIUM 137_;
01	
'101
AND
THULIUM 7 Or-
oe
1
the inspection of thin walled steel weldments became no pr/ Iblem, however, even
though cesium 137 has an ideal "single energy" ray it has a large source size and can
be dangerous to use. For this reason cesium 137 has lost some of its popularity in
radiography.
So, with the two isotopes above and the three on page 4-1, we can see that the number
of isotopes we will study is . . . . . . , two?
three ?
five?
	
Turn to the next page.
r
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It you chose "five" you are correct and we have just proved that you can add two and
three and get the answer five. Well done! If you got any other. answer, I'm sorry,
we can't do anything for you here, this is not an arithmetic course.
Once again now, the five isotopes that we want to know are:
COBALT (CO-60)
RADIUM (Ra-226)
---__ _--- CESIUMlC•-137)
IRIDIUM (Ir-192)
-'	 THULIUM (Th-170);
i
•	 / 1	 1	 I	 1 
These are the five that we will study, there are other radioactive isotopes but they
are not in general use in radiography so we will not bother to mention them here.
Turn to the next page,
r4
GAMMA RAY
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Isotopes of course are a source of gamma rays. As you recall from Volume I, the
1W
4 atomic decay or disintegration of radioactive materials generate many kinds of radia-
tion, one of which is gamma. Let's take a moment here and examine gamma rays and
compare them to X-rays.
X- and gamma rays of the same energy (that is, the same penetrating energy) are
exactly alike. If we h,-,.d two rays, one X-ray and one gamma ray,
X-RAY
GAMMA RAY
it would be impossible to tell them apart or determine which was which. Essentially
the whole difference between the rays is their origin. That is, the X-ray comes from,
an X-ray tube,
X-RAY
BEAM
while the gamma ray comes from a radioactive isotope.
GAMMA RAY
GAMMA RAY
Turn to the next page.
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Therefore without knowing the source it is not possible to distinguish between X-rays
and gamma rays.
Of the rays shown below, can you pick out or identify the gamma rays?
Yes.	 .	 .	 Is	 .	 .	 .	 .	 .	 .	 .	 .	 1 .	 .	 .	 .	 .	 .
No.
	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .	 .
Turn to page 4-7
Turn to page 4-8
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Yes? ? GOOD LUCK.... don't believe you can do it. If we hadn't told you that they
were rays, you might have thought they were worms or snakes. Howeve r , if we had
told you from what source they had come, X-ray tube or isotope, then you might have
had some idea whether they were gamma rays or X-rays.
Remember, these rays are identical except that one comes from and X-ray machine
and one comes from an isotope,
The reason that the rays on the previous page look different is because they have
different energies. Different energies will make the rays have aijferent wave lengths.
Turn to the next page.
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No. of course not. Without knowing the source o'" the rays, it would be impossible
to say which of the rays were gamma rays or X-rays. However, to distinguish them
from worms, we could say that they are electromagnetic waves or photons.
Isotope Radiography
Here are a few advantages and disadvantages in the use of isotopes. It is not
necessary for you to memorize these but, you should be able to recognize them.
Advantages:
1. The cost of equipment and source is much less than that of X-ray machines
with a comparable kilovolt range.
2. The isotope equipment is more easily transported than X-ray equipment.
3. The isotope source material itself is small enough to pass through small
(one-inch) diameter openings.
4. No external power supply is necessary, therefore, te pts can be
performed in remote areas.
5. Both panoramic and directional exposures can be made.
6. The equipment is extremely rugged and simple to operate and maintain.
7. Their focus, which is generally very small, makes them specially suited to
circumstances where a small focus-film distance is necessary.
8. Some radio-isotopes have a very high penetrating power. This makes it
possible to obtain satisfactory radiographs of very thick metal workpieces.
Turn to the next page.
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Disadvantages.
1. The first and most important safety viewpoint is that the radiation
can not be turned off.
2. The radiographs generally have considerably less contrast than those exposed by
X-radiation.
3. Penetrating ability is solely dependent upon the particular isotope used and
cannot be changed or varied without changing the isotope.
4. Cost of replacing isotopes with short half-lives.
5. They have to be effectively shielded if they are to be safe to handle and the
shielding needed may be quite heavy.
Would you say that the following are advantages in the use of radioactive isotopes?
Low cost
Small and light weight
Few technical breakdowns.
No. ................ ...... ...... .... .. ........ . Turn to page 4-10
Yes .... .. ...... .... .. .... . ..... ...... ...... .. . Turn to page 4-11
kr t
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You say "No", well that's wrong. These are advantages in the use of radioactive
isotopes. The cost of a radioactive source and the handling and operating equipment
for that source is much less (about one-eighth) than the cost of an X-ray machine.
To give you a better understanding, here are some of the costs involved in X-ray
equipment:
Replacement of old or damaged tube.
3 Cost of electricity for operation.
3 Cost of extra equipment such as cooling equipment, oil to replenish cooling oil.
3 Maintenance of high voltage equipment.
Technical breakdowns could include:
3 Bad X-ray tube 3 Faulty electrical connections
3 Faulty electrical cables Faulty gauges and controls
3 Faulty cooling systems 3 Electrical power loss
X-ray equipment is quite large as comp "red to gamma ray equipment as well as
being restricted because of electrical cables attached to the equipment.
Therefore,
..... low cost.... .
... few technical breakdowns.. .
... are advantages of isotope radiography. Your answer should have been "Yes".
Turn to the next page.
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Excellent! Yes, it is the right answer. They are definitely advantages. The cost
of equipment for gamma radiatio., is lower than the cost of X-ray equipment. Isotope
f
equipment is much smaller than its equivalent X-ray machine and is lighter in weight.
Also there is practically nothing that will breakdown in gamma radiation equipment.
Would the following disadvantages apply to X-ray or gamma ray equipment?
Radiation cannot be turned off.
Penetrating power cannot be changed.
Radiographs have less contrast.
X-ray ....... .... .................... .... .. .. .. . Turn to page 4-13
Gammaray ... ... . .............. .............. ... Turn to page 4-12
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Gamma ray, that is correct. Well done. To explain further: First, there is no way
to stop the radioactive isotope from radiating.. Even if it is placed inside of a
shielded container, it is still radiating inside the container. It will continue to radiate
until it becomes too weak to be useful as a gamma ray source. Second, the penetrat-
ing power of a gamma ray source is fixed, that is it has only one energy level and
cannot be changed. If a different penetrating power is required, it is necessary to
change to another isotope. Third, because the penetrating power of radioisotopes is
usually relatively high, less contrast is normally apparent on the radiographic film.
Turn to page 4-14
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X-ray? Sorry, but that's not right. First of all, you can turn off an X-ray machine
to stop the radiation. Second, the penetrating power can be changed in an X-ray
machine by simply changing the voltage to the tube. Third, X-ray machines generally
produce radiographs with more contrast because lower penetrating power is available
by simple adjustment.
Return to page 4-11 and make another choice.
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Energy and Equivalent Energy
Before determining the isotope that will be used for making a radiograph, we of course
must consider the thickness and density of the specimen to be examined. After deter-
mining the thickness of the specimen, we can determine the penetrating power (energy)
required and then choose the isotope for the job.
When talking about the energy of the radiation given off by a radioactive isotope, we
talk in terms of average kilovoltage. This average is determined by the range of
gamma rays emitted from the isotope.
For example: Cobalt, emits rays with energies of 1. 17 mev and 1.33 mev, which
gives an average of 1.25 mev.
Similarly:	 Radium = 1.22 mev average
Cesium = 0.66 mev (only one emii^ed)
Iridium = 0.35 mev average
Thulium = 0.072 mev average
However, this tends to be confusing because X-ray machines are rated in terms of
pear voltages (kvp) not averages, as are isotopes.
For example: A particular X-ray machine is rated at 2000 kvp. That means, the
peaks of the waveform indicate a voltage of 2 million electron volts.
-f,AAA L.._
Tarn to the next page.
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From thu shape of the waveform it is obvious that the average will be considerably
t
	
	 less than the peak. In fact, the type of rectification used and the shape of the waveform
will determine the average energy of the X-rays.
Since isotopes are rated according to their average voltage and X-rays are rated
according to their peak voltage it is best to express the radiographic penetrating
power of an isotope by saying how many peak kev or mev an X-ray machine would need
to do the same job. This is called Equivalent Energy of the isotopes and is what
really matters in radiography.
Here are some estimates of equivalent energies:
ISOTOPES	 X-RAY EQUIVALENT ENERGY
Cobalt
	
2000 to 3000 kvp
Radium	 1000 to 2000 kvp
Cesium	 600 to 1500 kvp
Iridium	 150 to 800 kvp
Thulium	 30 to 150 kvp
When expressing the radiographic penetrating power of an isotope, it is best to say
how many peak kilovolts an X-ray machine would need to do the same job.
This is ,ca.l.led:
Equivalent Energy ... .........................
	
... .
	 Turn to page 4-17
AverageEnergy	 ..........................	 .	 Turn to page 4-16
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Average Energy is your choice. Oh darn, that's not the right answer. This is quite.
confusing. Try to remember that it is best to express the penetrating power of an
isotope by saying how many peak kilovolts an X-ray machine would need to do the
same job and that it is expressed in Equivalent Energy.
Now return to page 4-15 and try again.
PEAK+2000 kvp
1500 kv
1000 kv
500 kv
0 kv
AVERAGE
^	 I
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Equivalent Energy. Great! That is the correct answer.
Another way to look at this is to consider, from studying the curve, how many rays of
each energy level you would get from an X-ray machine.
Let's take one pulse from a wave form:
PEAK - 2000 kvp
1500 kv
1000 kv
500 kv	 AVERAGE
0 kv
Consider the area under the curve as representative of the number of X-ray emitted.
There would be more rays in the area from 0 to 500 kev (larger area) than the area
from 1500 to 2000 kev (smaller area). So, it is likely that the average voltage of
these X-rays would be between 500 and 1000 kev. Now if we look at another curve
from a machine that has a better rectifier than the one above, we may get a curve
that looks like this:
Now we can see that our average would be between 1500 and 2000 kev. But notice the
peak voltage is the same for both curves. Since the different types 'of X-ray machine
will give a different waveform, they will also give a different average even though,
as shown above, they have the same peak. It is for this reason that X-ray machines
must be rated by their peak voltage and not their average voltage.
Remember! When choosing an isotope, use X-ray EQUIVALENT ENERGY ratings.
When choosing an X-ray machine, use PEAK VOLTAGE rating.
Turn to page 4-18.
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Now 'let's go back qnd take a look at the isotope aver a energy. As we just pointed
out in the past pages, the isotope energies are rated by average voltages or average
energies. The reason for this is that the isotope may have more than one energy
gamma ray.
For example:
COBALT has 2 gamma energies, 1.17 and 1.33 mev.
IRIDIUM has 20 or more gamma energies ranging from 0. 10 to 1.20 mev.
w
So, in order to rate these isotopes by their actual energies it is necessary to rate
them according to the average gamma energy.
ISOTOPE	 ENERGY RATING
COBALT	 1.25 mev average
RADIUM	 1.22 mev average
CESIUM	 0.66 mev
IRIDIUM	 0.35 mev average
THULIUM	 0.072 mev average
It is very important that you know the difference between the isotope energy and the
equivalent energy. It may be safe to say that when we are expressing the energy of
the isotope it will be expressed just as energy. When we are expressing the penetrat-
ing power of the isotope it will be expressed as X-ray equivalent energy.
Which of the following isotopes has the highest energy?
COBALT 60 ..................................... Turn to page 4-19
THULIUM 170	 .............. ...... ...... .. .... ... Turn to page 4-20
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Cobalt 60 is the correct choice. It has an average energy rating of 1.25 mev, which
OW 
is higher than the others. And incidentally, the penetrating power (X-ray equivalent
energy) of cobalt 60 is also highest since it is rated between 2, 000 kvp and 3, 000 kvp.
Now that you know which has the highest energy rating, and that its average energy is
1.25 mev, which of the two below has the lowest energy rating?
CESIUM 137 ............. (0.66 mev)	 Turn to page 4-22
THULIUM 170 ....... .... (0.072 mev) ............. .. .. Turn to page 4-21
L If
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Ooops, you chose wrong. The isotope having an energy rating of 1.25 mev is the
highest. Incidentally that same Isotope has the highest penetrating power (X-ray
equivalent energy).
Try again:
Which of the following isotopes has the highest energy?
COBALT o0 . .... ........ (1.25 mev) .................. Turn to page 4-19
THULIUM 170 ........... (0. 072 mev) .................. Turn to page 4 -18
Bob-
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THUVTJM 170. That's very good. Of all the isotopes we will tall: about, thulium has
the lowest energy and the lowest penetrating power. However, this is not a disadvant-
age. Thulium is very useful for the inspection of very thin specimens, where the
other isotopes may have too much penetrating power, they would give a poor radiograph.
So, the low energy isotopes are very necessary for inspection of thin specimens and
the high energy isotopes are necessary for inspection of thicker specimens.
Turn to page 4-23
4t
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No, cesium 137 is not the lowest in energy rating. Thulium 170 has only 0.072 mev
which is less than cesium 137 at 0.66 mev. Therefore thulium has the lowest energy
of the two.
Turn to page 4-21.
t
i
Wt
From page 4-21	 4-23
Isotope Requirements
An isotope source material must meet, within reason, certain requirements. For
high quality radiograph it is necessary to use the following as a basis for choosing
the correct source.
• Activity
• Equivalent energy
•	 Half-life
Activity ..... Now there's a subject we could all use a little of, and, in a sense
this is the kind of activity we are talking about. The activity of an isotope as you
remember from Volume I, is in part, a measure of the number of gamma rays
that are being emitted from that isotope. The activity of an isotope is very closely
related and can be compared to the intensity of an X-ray beam. The activity of the
isotope also determines the size of the isotope. Now you may ask, why is it necessary
If"
	
	
to know the activity when selecting an isotope? Well partially, for the same reason
it is necessary to know the current flow when using an X-ray machine. The activity
determines the time of the exposure. A highly active isotope would require a smaller
exposure time for making a radiograph than a less active isotope.
Equivalent Energy ...... An ideal radiographic source would emit exactly the
right monochromatic (single energy) beam that would give the correct amount of
penetration with minimum scatter for a particular specimen's density and thickness.
Cesium would be an example of this in that it has only one gi.mma energy. So with
specimens of certain density and thickness, cesium is a eery good source. But, as
-
	
	 we can see, isotopes are ;useful in a reasonably wide range of specimen thickness, only
if you have a variety of isotopes available. X-rays are much more flexible in this
respect, as the energy of X-rays may be controlled by the radiogi apher. However,
the isotope has the advantage if only certain energy rays are desired for an
Turn to the next page
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inspection. And remember, isotopes are rated by their equivalent energies.
Half-life ..... As you may remember from Volume 1, half-life is the time necessary
for a radioactive source to decay to half of its original activity strength_
As the isotope decays, its intensity decreases and therefore the exposure time must
increase. It is plain to see then that half-life is an important consideration when
selecting an isotope and that the selection of a source is not as simple as it may seem.
There are many factors that must be considered in source selection. Ok ... Now,
do you remember the magic combination?
Weight, Equivalent energy, and Half-life .................. Turn to page 4-25
Activity, Equivalent energy, and Specific activity ............ Turn to page 4-26
Activity, Equivalent energy, and Half-life ................. Turn to page 4-27
y
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Say! That's close, but close doesn't count.
The correct answer is Activity, Equivalent energy, and Half-life. You missed the
first one, activity. Actually intensity is related to the activity but is not really the
same thing. Intensity is the product of activity, that is to say that the larger the
source the greater the intensity. Intensity is only a part of the story and is not
acceptable. Remember .... .
3 Activity,	 e
3 Equivalent energy, and
3 Half-life .... are the requirements for choosing the correct isotope for a
specific test.
Return to page 4-24 and make another choice.
c
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O00000 ! That's close. But close isn't good enough. Actually specific activity is the
incorrect one. Half-life should have been your choice. Specific activity does have a
great deal to do with the determination of half-life but does not tell the whole story.
Remember .....
Activity	 +'
J Equivalent, energy, and
Half -life
Return to page 4-24 and make another selection.
^ t r^
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Hooray! You got the correct answer. Activity, Equivalent energy, and Half-life was
the correct choice. The activity is important because of the higher quality radio-
graphs, the energy is very important depending on the specimen thickness, and the
half- life for economy and time of exposure.
Characteristics and Merits of Isotopes.
I
This chart gives some of the more important characteristics of radioisotopes. Most
of the figures given are rough estimations, more accurate figures may be available
with the specific source as it is received from the manufacturer. These figures were
compiled just to give you a general feel for the relative position of each isotope. You
should make a mental note of the order in which the isotopes are shown since they are
shown in order of their energy.
COBALT RADIUM CESIUM IRIDIUM THULIUM
Co-60 Ra-226 Ce-137 Ir-192 Tm-170
RADIATION
LEVEL 14.5 9.0 412 5.9 0.03
RHF/CURIE
ENERGY 1.25 1.22 0.66 0.355 0.072(MEV)
X-RAY
EQUIVALENT 2 TO 3 1 TO 2 0.6 TO 1.5 0.3 TO 0.8 0.1 TO 0.3
(MEV)
HALF-LIFE 5.3 1600 30 75 130
YEARS YEARS YEARS DAYS DAYS
HALF-VALUE
LAYER 0.5 IN. 0.5 IN. 0.3 IN. 0.2 IN. 0.05 IN.
(LEAD)
CHARACTERISTICS OF RADIOISOTOPE SOURCES
Turn to the next page.
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From the chart on the previous page:
RADIATION LEVEL RHF/CURIE - is the Roentgens hour, one foot from the source,
per ct •rie. This is primarily a safety matter and is explained in
Volume II.
ENERGY - is the energy of the isotope in mev, or to be more specific the average
energy of all gamma rays being emitted.
X-RAY EQUIVALENT - is the X-ray equivalent energy in mev and is very
approximate.
HALF-LIFE - is pretty accurate and is discussed more fully in Volumes I and H.
HALF-VALUE LAYER - is defined as "The thickness of a material which will absorb
one-half the gamma radiation incident upon it. " This also is
explained in detail in Volume I and II.
Our second chart is set up to show some of the other factors, by comparison, th pt are
helpful in the selection of an isotope source:
COBALT RADIUM CESIUM IRIDIUM THULIUM
PENETRATION 1 TO 7 1 TO 5 1 TO 3 1/4 TO 3 VERY THIN(STEEL) INCHES INCHES INCHES INCHES TO1/2INCH
SOURCE SIZE SMALL RADIUM LARGE RELATIVELY VERY SMALLRADON SMALL LARGE SMALL
HALF-LIFE LONGTIVELY VERY :ONG LONG SHORTSHORT
SPECIFIC
ACTIVITY MEDIUM VERY LOW LOW VERY HIGH HIGHEST
COST LOW HIGH TO BUY MEDIUM RELATIVELY HIGHLOW TO RENT
OTHER READILY RADON GAS IS
REQUIRES READILY NOT
AVAILABLE ACTUAL SOURCE DOUBLE AVAILABLE READILI'ENCAPSULATION AVAILABLE
MERITS OF RADIOISOTOPE SOURCES
Turn to the next page.
RESTRICTED BEAM
THIS TYPE GENERALLY GIVES A BEAM THAT
RADIATES IN ONE DIRECTION ONLY.
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Isotope Equipment
Because isotope sources are a severe radiation hazard when not in a shielded case,
they must be handled very carefully. When not in actual use these sources must be
STORED and LOCKED in shielded containers.
Isotopes must be handled such that they can be taken from their shielded container and
positioned where desired without radiation exposure to handling personnel. Of the
many schemes for remote handling, they all seem to fall into two areas:
1. Moving the source from the center to the surface of the shielded containers.
2. Moving the source from the center of the shielded container to a point some
distance away from the container.
Type one produces a restricted beam that is restricted by the container:
^^111 A Mar- 1
Type two has a beam that radiates in all directions:
CONTAINER
Turn to t.ae next page.
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In both types the source has been activated (moved from storage, to point of radiation)
mechanically, electrically, hydraulically, or pneumatically with mechanical means
being preferred because of its greater reliability.
The simplest method of all is a source that is handled with a long rod or string. The
source is attached securely to the rod or string and then positioned to the desired loca-
tion. This method is fine with low power sources where operator exposure is very
low. High energy sources however must be handled with equipment that will keep the
source and the operator a safe distance apart.
The source, storage pig, controls, and other related equipment are called a Camera
or Projector. Various sizes and models are available from different manufacturers,
with the following features common to most equipment:
The Shield Case Assembly.
A heavy gage steel shell with lead or Uranium-238 storage pig within, makes up the
major part of the case. Alicroswitches for the source position indicating lights are
attached, Control cable hook-up attachments on either end of the case are provided
for crank extension and source position extension. A safety .lock on the case provides
protection agains' unsafe handling.
IL,
a	 Turn to the next page.
INDICATOR
LIGHTS
EXTENSION
CABLES
STORED
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The Reel Assembly
A storage reel for the flexible tube cables, with crank for extending and retracting
the source, and indicating lights to indicate position of the source.
The indicating lights are as follows:
• STORED Means that the source is stored safely in the center of the storage pig.
• OPEN	 Means that the source is no longer in the storage pig but is between
the storage pig and the fully extended position.
• ON	 Means that the source is now fully extended.
^	 I	 ^
1
SOURCE
STORED
NO LONGER SHIELDED
SOURCE ALL THE WAY OUT S: ^`^
OPEN
ON
Turn to the next page .
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Source Switch Assembly
When the source is in the fully extended position a spring loaded switch indicates the
source is in the fully extended position. In this position the "ON" light is illuminated.
SOURCE SWITCH ASSEMBLY
EXTENSION CABLE
SOURCE CAPSULE ASSEMBLY
The Source Capsule Assembly
The source capsule is a stainless steel container made especially for housing the
isotope source. It has a special connector that securely attaches to the extension
cables to ensure safe, easy transfers of source from shipping container and will not
become disconnected accidentally in normal use.
Other switches are also located in the storage container that signal when the source is
in the "STORED" position or in the "OPEN" position.
Radioisotopes are available readily from commercial suppliers. There are various
types, models, and sizes. Smaller model 's are housed in small suitcase size packages.
Some larger sizes may require two wheeled hand carts to move them to desired loci -
tions. Manufacturers usually, when rating isotopes, will rate them first by their pen-
etrating power (X-ray equivalent) then by the half-life and finally by their activity
(usually expressed in curies e.g., 10 curies, 50 curies, 100 curies).
Turn to the next page for a summary of this chapter.
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SUMMARY OF CHAPTER 4
First	 Five isotopes used in radiography:
1. Cobalt
2. Radium
3. Cesium
4. Iridium
5. Thulium
Second	 The only difference between X-rays and gamma rays is their source.
X-rays are from X-ray machines, gamma rays are from radioactive
isotopes.
Third	 Generally speaking, isotopes are rated by their equivalent energy.
Fourth	 Three requirements for isotope radiography:
1. Activity
2. Equivalent Energy
3. Half-life
Fifth	 Activity, is in part, a measure of the number of gamma rays that are
being emitted from an isotope.
Sixth	 Equivalent energy is the rating for isotope, and equates them to the peak
voltage of X-ray equipment.
Seventh	 Half-life is the time necessary for a radioactive source to decay to half
of its original activity strength.
Eighth	 Isotope source handling equipment includes:
1. Shield case
2. Reel anz !i flex cables
3. Source sivitch
4. Source capsule.
Turn to the next page.
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SUMMARY OF CHAPTER 4 (Continued)
Tenth	 Indicator lights on isotope source equipment:
STORED - Source is stored safely.
OPEN - Source is no longer stored.
ON	 - Source is fully extended.
Turn to the next page for your review of this chapter.
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1. List the five isotopes studied in this chapter:
1.	 2.
4.
5.
5. million electron volts
thousand electron volts
6. Relatively speaking, Cobalt has the
	 amount of penetrating power
(highest/lowest)
of the common isotopes used in radiography.
10, isotope
11. The three most important factors to be taken into consideration when selecting
an isotope for radiography are:
1.A	 2.E	 E	 3.H
15. safety
16= Name at least one more major assembly in the use and storage of isotopes
1.	 Reel assembly
	
2.	 Source switch assembly
3.	 assembly
rr
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1. Cobalt	 Thulium
Radium	 Iridium
Cesium
2. List at least three advantages of isotopes over X-ray.
1.	 2.
3.
6. highest
7. When expressing the radiographic penetrating power of an isotope, it is best
to say how many peak kilovolts an X-ray machine would need to do the same job.
What is this rating called?	 E	 E
11. 1.	 Activity
2.	 Equivalent Energy
3.	 Half-life
12. The time necessary for an isotope to decay to half of its original amount is
r.i, vn as
	 -
16. Shield case
Source capsule
17. Which light is illuminated when the source capsule is inside the storage pig?
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2. Low cost
Portability
Few technical breakdowns
No external
3. List at least three disadvantages of isotopes over X-rays.
1.	 2.
3.
7. Equivalent Energy
8. X-ray machines are rated by their p	 kilovoltage.
0
12. half-life
13. Of those isotopes studied, which one has the shortest half life?
17. STORED
18. Which light is illuminated when the source capsule i,i fully extended to the
end of the cable?
C	 0
.r
4-38
;r
.
3. Safety
License requirements
Radiographs with less contras
Isoto a ower not ad ustabl
4. Can you turn off the radiation of an isotope?
Yes?
No?
8. peak
9. Which of the isotopes studied has the greatest penetrating power?
Which has the lowest penetrating power?
13. Iridium
14. Of those studied, the isotope with the longest half-life (1600 years) is:
R
18. ON
Turn to page 5-1 for the next chapter.
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R
4. No
5.	 Radiation energy of a radioactive source and the rated power of the X-ray
machine is expressed in	 Orev) and
(kev).
Returrn to page 4-35
frame 6.
9. Cobalt (highest)
Thulium (lowest)
10. The only way to change the penetrating power of gamma radiation is to change
the
Return to page 4-35
frame 11.
14. Radium-226
15. It is necessary to enclose all radioactive isotopes for	 reasons.
Return to page 4-35
frame 16. '
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CHAPTER 5 — OTHER FACILITIES AND EQUIPMENT
Don't know if you noticed but, up to this joint in our study we have stayed pretty close
to the radiation generators or source equipment, that is, X-ray machines and isotope
source equipment. However, there is other equipment associated with radiography
that would seem to be less important but in fact is just as important as the radiation
generators. For without this "other" equipment, we would not have radiographs with
the required quality.
Standards of radiography have come forth mostly out of necessity and many ,years of
experience. Some of the items mentioned in this chapter have to do with these
standards.
The standards for high quality radiography are briefly: sharpness, clarity, good
definition, and detail that will show any fault that occurs i4 the piece being tes4 d,
Screens
When a radiation beam falls on a film surface, it is absorbed by the film to produce
the photographic effect. There are two types of radiographic screens that will enable
us to use more effectively this radiation beam:
• The Lead Foil Screen and,
• The Calcium Tungstate (fluorescent) Screen.
Now we're sure you're asking yourself, how can a screen enable us to use more
effectively this radiation beam? A screen usually filters out or reduces the amount
of whatever is going through it. Well this is only partially true, especially with the
lead foil screen.
Turn to the next page.
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The Lead Foil Screen
Vill
Ordinarily, we think of a screen as a mesh or a perforated material that will
separate or sift. This is exactly.what the lead foil screen does but it is not a mesh
and it is not perforated. The lead screen consists of a sheet of lead or lead alloy.
Generally speaking, the lead sheet is usually between 0.005 inch and 0.015 inch in
thickness. This very thin sheet of lead is mounted on a cardboard or a plastic base.
LEAD SHEET
CARDBOARD OR PLASTIC
Turn to the next page.
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These screens are usually placed in front and in back of Cae unexposed film.
I"
CARDBOARD
LEAD SCREEN (FRONT)
FILM
LEAD SCREEN (BACK)
CARDBOARD
The screens, as you can see, must be in intimate contact with the film during the
entire exposure.
The screen in front of the film serves two purposes:
•	 It filter&. out the low energy radiation and,
• It increases the photographic action on the film.
The screen in back of the film, usually a much thicker lead sheet, serves to absorb
the radiation back scatter.
More information on how the screen works will be given in Volume IV of this set.
Turn to the next page.
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It is necessary that standards of quality be maintained on the lead screens to ensure
quality testing.
Lead screens must meet the following requirements:
• They must be free of holes, scratches, wrinkles or pits. Any flaw such as these
m. entioned will appear on the radiograph and may be mistaken as a flaw in the
material being tested.
• The surface must be smooth so that it will not mar the surface of the film.
• They must be uniform in thicAkness and absorption of radiation such that shadows
or light areas would not appear on the radiograph.
Now comes the important part. The standards of quality are hopefully built into the
screens by the manufacturer but the care of these screens falls on the radiographer.
It is necessary that the screens be handled with care at all times to prevent damage.
Careful inspection of the screL,.., must be made before they are used. The radio-
grapher should watch for the following defects:
•	 Holes	 •	 Scratches	 •	 Screen oxides
•	 Wrinkles	 •	 Pits	 •	 Rough surfaces
•	 Any foreign material such as grease or lint
Dirty screens may be cleaned by wiping with a soft cloth using a special cleaning
solvent. Screens that have been damaged, have defects, or cannot be cleaned shall
be discarded. Damaged or defective screens generally cannot be repaired.
Turn to the next page.
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So one day as I was changing film in one of the film holders, one of the lead screens
fell to the floor lead side down. When I picked it up, I wiped it off with a clean cloth
but I noticed that it was now scratched and had some small marks where particles of
dirt had dented the surface.
The next step war* co ......
. . . . . . . smooth out the dents and scratches as much as possible before using the
screen again ................................. Turn to page 5-6
...... throw it away and get a new screen ........... Turn to page 5-7
FM t
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THUD! That went over like a lead ballocn. Wrong choice. It would be better to
discard the damaged screen and replace it with a new one. It is quite possible that
the dents and scratches would show up on the radiographs if tine screen was used
again. These dents and scratches would appear as defects in the material being
tested.
Return to page 5-5 and make another selection.
I
I
From page 5-5
	
5-7
You are really radiating now. You picked the right one. It would be very difficult,
	 I
if not impossible, to smooth out the dents and scratches in the lead screen good
enough to make the screen usable. Using a damaged screen such as this would
,definitely reduce the quality of the radiograph. However, if the screen had just
picked up a little dust or lint from the floor and not been scratched, it would be
perfectly alr tight to dust it off with a clean soft cloth and put it back into the film
holder.
Now turn to the next page and let's find out about the other type screen that was
mentioned eariler. .
^'a
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The Fluorescent Screen
Another quite commonly used screen is the calcium tungstate or fluorescent Screen,
Certain chemicals will emit light when they absorb X-rays. Calcium tungstate is one
of these chemicals and this emission of light is termed fluorescence. So when a
calcium tungstate screen is exposed to X-radiation, it will emit visible light. If this
fluorescent screen is in contact with a radiographic film the effect of the light emitted
from the screen will further expose the radiographic film. This additional exposure
of the film is termed intensification. Thus we refer to a calcium tungstate screen
or any fluorescent screen as an intensifying screen.
Industrial intensifying screens are made from finely powdered calcium tungstate
crystals which are mixed with a binder and placed on a cardboard or plastic backing
material. As with lead screens, the unexposed film is placed between two fluorescent
screens. The photographic effect on the film emulsion is then the result of light
given off by the front and back screens.
Generally speaking, lead screens give better definition compared with that of a
radiograph made with fluorescent screens. The poorer definition IS caused by the
spreading of the visible light emitted from the screens. Fluorescent intensifying
screens are usually used in the radiography of relatively thick specimens when the
penetrating voltage of the X-ray unit is limited.
The condition of the fluorescent screen and the care also are very much the same as
that'for lead screens. They must be kept clean ane in good condition at all times.
Turn to the next page.
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Film Holders and Cassettes
The primary function of any film holder or cassette is to;
• Prevent film exposure to light
• Prevent damage to film
Two types of film holders are used in industrial radiography. The flexible type,
simply called a film holder, and the more rigid type, called the cassette.
The flexible film holder is usually made of cardboard, plastic, or rubber and has the
advantage of flexibility for getting close to the curved surface of the specimen. It is
also light weight, thin and easy to handle, they are less exepnsive and are available
in standard fi ! m sizes. Lead screens may or may not be used, however, a lead
sheet is usually placed on the back side of the film holder to reduce scatter. The
greatest disadvantage of the film holder when using screens is the problem of
keeping a good film-to-screen contact during the exposure period. It is most
important, when loading any film holder or making a radiograph, that the film and
screens are kept in very close contact.
br
Turn to the next page.
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The rigid cassette is usually made of hard rubber, plastic, or aluminum. The
cassette is not flexible, so is used when flexibility is not a requirement. The use
of a cassette is advantageous when screens are used because of the better screen-to-
film contact. The cassette is constructed with spring clamps on the cover to hold
the screen and film in very close contact. More specifics as to the use and application
of film holders and cassettes will be covered in Volume V of this set.
SCREENS
AND FILM
CASSETTE
Now that you know all there is to know about film holders and cassettes (ho ho)
lets see what you can do with this question.
What is the main function of a film holder or cassette?
Prevent exposure to light and damage to film ................ Turn to page 5-11
To hold screen and film in intimate contact ................. Turn to page 5-12
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Hooray, you win. You got the right answer,
The film holder and the cassette is to shield the film from exposure to light and to
protect the film from damage. However, the second choice is not incorrect because
the film holder and cassette do hold the screen and film in intimate contact but this
Is not the main function. Now, you won't miss that one if we ask it again later will
you.
Turn to page 5-13
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Sorry, you overlooked something, In the question you missed the key word "main",
^r
the main function of the film holder and the cassette is to shield the film from exposure
to light and to protect the film from damage. Granted, they also Rerve to hold the
screen and film together but this is not the main function.
Please return to page 5-10 and make another choice,
f .
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Penetrameters
A penetrameter is a small strip of metal used in radiographic testing procedures and
serves to check the quality of the radiographic technique that is used. This quJity
check will be dotailed in Volume; IV.
The penetrameter must have the same composition as the material being tested; or as
it is seen by the X-ray maciAne, it must be of similar material and approximately
the same density as the specimen being radiographed. The thickness of the per.trans-
eter must be a specified percen ► age of the thickness of the material being tested.
That is, the penetrameter thickness is usually not more than. 2% of the specimen
thickness.
SPECIMEN
THE PENETRAMETER BELOW IS
ONLY 2% AS THICK AS THE
SPECIMEN TO THE LEFT.
3 INCHES	 (NOT TO SCALE)
THICK
0.1 INCH THICKI	 i
PENETRAMETER
Turn to the next page.
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The penetrometer must be identified by thickness and material, and its identification
must be visiblo on the radiograph.
NOTE
The number on the penetrometer that
indicates thickness DOES NOT give the
penetrometer thickness but GIVES THE
SPECIMEN THICKNESS with which the
penetrometer may be used.
This identification is accomplished by the use of lead numbers for the thickness and
by lead letters for the type of material. Some penetrameters are notched to denote
type of material.
PENETRAMETER
MADE OF IRON
^v'
rid-
INDICATES MINIMUM SPECIMEN THICKNESS IS TWO INCHES
Penetrameter thickness identification, denotes the thickness of the:
Specimen ........ . .......... . .................... Turn to page 5-16
Penetrameter ..................................... Turn to page 5-15
rA
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Oooh ! You must have missed something. The thickness identification nuinber tells
you the minimum thickness of the specimen that you can use with that particular
penetrameter. For example if you have a specimen that is one-half inch thick,
then you must use a penetrameter that is identified by a
	 0 To the radio-
grapher, this means one-half inch because he knows that a decimal is not always used
for numbers less than one.
Other identifying numbers might be;
75	 means that the specimen must be greater than three-
quarters of one inch.
2.5	 means that the specimen must be greater than two and
one-half inches.
25	 means that the specimen must be greater than one-
quarter of one inch.
Turn to page 5-16,
•ft
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Congratulations ! You got the right answer. The number on the penetrameter denotes
46
	 the specimen thickness.
Three holes are drilled into the penetrameter the diameters of which are respectively
4, 1, and 2 times the thickness of the penetrameter.
T s PENETRAMETER THICKNESS
4T \
%O^
\o
When the outline of the penetrameter is visible on the radiograph, the desired quality
of contrast sensitivity has been achieved.
The following statements are generally accepted by industry and you should try to
remember them.
• The penetrameter material must be similar to specimen being tested.
• The penetrameter thickness must be less than 2% of the thickness of the. specimen.
• The penetrameter image and, depending on the quality requirements, one or more
holes should be visible on the radiograph.
Now for a look at a stepwedge, turn to the next page.
.i
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The Step Wedge
The step wedge is a tool, a
eery importanti tool, of the
radiographer.
The step wedge basically has only
one function but can be used for at
least two important tests.
The main function is to, when
exposed to radiation, present a
picture on a radiograph that will give a symmetrical shadow picture of varying
densities corresponding to the steps on the wedge.
Now, this radiograph can be used for two things:
• Used by the radiographer to prepare a technique for future tests. Further details
will be given on this in Volume IV.
•
	
	 Used to test developer activity daily. That is, a daily check of the developer
solution with the step-wedge radiograph will show the operator the condition of
the developing solutions.
The uses of the step wedge for making technique charts and developing tests will be
covered in more detail in Volumes IV and V of this set.
Generally speaking, the step wedge is made in steps with equal increments. A good
step wedge has from 5 to 10 thicknesses, sharp edges and machined surfaces. How-
ever, good results can be obtained with stacks of scrap plates of the sane material
to be tested.
Turn to the next page.
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Filter and Collimator
Other equipment that may rind its way into your X-ray experiences might include the
filter and the collimator.
The filter, usually a copper sheet that fits on the tube head, filters or shields out the
low energy portion of the X-rays produced. This makes the useful beam that falls on
the specimen more nearly uniform in energy.
T'ie collimator, used almost universally with both X--ay and gamma ray equipment,
restricts the useful beam size as it emerges from its source. It is usually made of
lead and constructed to minimize scatter by restricting the primary radiation into a
localized area.
Other auxilliary equipment that usually is a part of X-ray apparatus, includes shock
proof cables, cooling equipment, and a shock proof housing for the X-ray tube.
Densitometer
The densitometer is an instrument used for the measurement of radiograph density.
Both visual and electronic densitometers are available with the electronic type being
more accurate than the visual type. However, for most work either is sufficient.
Simply, the densitometer compares the light intensity falling on the film from a
standard light source to the amount of light passing through the film. This then is
the film density.
Turn to the next page.
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NATIONAL BUREAU OF STANDARDS -1963 - A
THE NEW SOURCE IS SHOWN ON THE RIGHT
SIDE LEAVING THE LEFT SIDE EMPTY FOR
THE OLD SOURCE.
NEW SOURCE
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Isotope Source Changing Equipment
When an isotope source decays to the point where it is no longer effective as a source,
it becomes necessary to dispose of the old source and replace it with a new one
The exchange of isotopes is not a difficult task but can be a touchy one. That is,
because of the radiation hazard of isotopes it becomes necessary, when changing
sources, to use extreme caution. For this reason special equipment is available
that allows the exchange of an old source for a new one with minimum hazard. This
equipment comes from the manufacturers with a new source enclosed. The task
then is to get rid of the old source and get the new one into operation.
The new source comes from the supplier in a special container rsalled the source
changer. (Now that seems pretty logical doesn't it?) If this source changer was cut
through its cross section, it may look like this;
r
r	 Turn to the next page.4L ­
NEW
REMOVE CAP FROM EMPTY	 CONNECT
ISOTOPE CAMERA EXTENSION CABLE AND
TRANSFER THE OLD SOURCE FROM SHIELD
CASE TO SOURCE CHANGER. DISCONNECT
EXTENSION CABLE AND REPLACE CAP,
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5.20
The changing process is as follows;
STEP ONE
v16v
STEP TWO
t
REMOVE CAP FROM NEW SOURCE SIDE AND
CONNECT EXTENSION CABLE TO NEW SOURCE.
FROM A REMOTE POSITION, RETRACE NEW
SOURCE INTO SOURCE CAMERA. (BEING
CERTAIN THAT IT IS IN THE SAFE POSITION.)
DISCONNECT EXTENSION CABLE. REPLACE
CAP AND RETURN SOURCE CHANGER TO THE
MANUFACTURER.
Complete instructions accompany this equipment from the supplier and if the instruc-
tions are followed, the exchange of sources is a simple, and yet a reasonably safe
operation.
Turn to the next page.
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ftadiopaphic Roon., or Areas
ti
Areas r rooms must be provided where radiographic tests may be safely performed.
For It-plant radiography, a special room must be provided that Can be locked and has
walls oLLUIcient to reduce r: netrating radiation to a safe level. The design of these
rooms may vary with the type of radiation and its strength, but a typical room may
look like this:
A AEI A S! T!
k'
T urn to the next page.
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This particular room has a. sliding door that actuated a micro -switch in the main
control circuit. When the door is open, the equipment will not operate because the
micro-switch is open. When the door is closed, the micro-switch also is closed and
the X - ray Aquipment will operate. A Warning light and audible alarm are usually
found just outside the door, the light is illuminated RFD and the alarm is sounding
when the X-ray machine is in operation.
Besides having thick walls, the - ,, )m and door are lined with sufficient lead to reduce
scatter to a minimum and offer added protection,
The control panel is outside of the radiation room so that the operator has sufficient
protection from radiation.
In the original planning, consideration should be given to which section of the plant
would be most advantages from the safety standpoint. Depending on the room location,
the floor and ceiling may also have to be shielded,
c
Safety Equipment
Safety equipment such as film badges, gamma survey meters, or other radiation
alarm equipment have been discussed in Volume II of this set.
Turn to the next page for an introduction to Fluoroscopy.
{err
....	 ,..:..y^:.:., .w	 1
X-RAY
MACHINE
SCREED!
1
From page 6-22	 5-23
Fluoroscopy
I
Now there is a word that will slow you down. Do you agree? Well for those of you
that do, here is how it's done. The accent is on the "os". Therefore, it is fluor - os' -
copy or Fluor-08-copy. Now say it to yourself a half-dozen times until it comes out
easy. Fluor - 08 - copy, fluoroscopy, fluoroscopy, and so on. Now as you read
through this section you won't trip every time you see the ward. We hops; l
Fluoroscopy is a prr,-;ess that enables us to display an image on a screen by the con-
version of X-radiation into visible li&. Do you remember the fluorescent screen'
discussion, well the fluoroscope is similar in that it also emits visible light when
exposed to an X-ray beam. This is how it works;
RADIATION
BEAM
ex. - . 4.
r ^
^, r
r^
SPECIMEN
The X-ray machine presents an image of the specimen onto the fluorescent screen
and the screen emits visible light of Intensity relative to the intensity of the X-ray
beam.
Turn to the next page.
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Because of the production rate or time required to complete a radiograph, trends
are toward a faster and more economical method. This is partially accomplished
with fluoroscopy. Fluoroscopy supplements X-radiation in a well planned quality
control land inspection program. Because of ltd ► economy of both money and time,
it can be used to pre-scan specimens for large internal flaws. Decent improvements
have been made in fluoroscopic techniques and equipment that provides flaw detection
almost as good as radiography. However, radiography has the advantage of pro-
viding a permanent record.
Advantages of Fluoroscopy
• Much faster
• No film processing
• Parts moved to permit viewing from all angles
• Much simpler and less expensive
Disadvantages of Fluoroscopyre	
• No permanent record
• Operator fatigue
• Low defect sensitivity
• Used only on thin specimens
Fluoroscopic equipment is' composed of an X-ray source, a container - tray or
conveyor belt for part to be inspected, a lead glass filter to protect the operator, and
a fluorescent screen to show the specimen image. Mirrors for additional operator
protection may be added also image intensifier equipment may be installed to improve
viewing.
Turn to the next page.
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While making a fluoroscopic examination the upe w ator must look at a fluorescent
screen which is placed close to the object and he must be protected against primary
rays which penetrate through the object and the fluorescent screen, as well as against
all secondary rays. Without this protection his face would be receiving the full
Intensity of all X-rays which have penetrated through the object and the fluorescent
screen, as well as against all secondary rays. The fluorescent screen can ba viewed
directly only if it is covered with the proper thickness of lead-glass, that is, thick
enough to absorb the primary rays. Or it may be viewed in a mirror through lead-
glass thick enough to absorb secondary rays. Sometimes it is convenient to arrange
a system of two mirrors.
1
n
I LEADi
i
X-RAY BEAM
I	 SPECIMEN
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Turn to the next page.
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The fluorost;ope screen is read differently than an X-ray film. Defects that would
appear as dark spots on an X-ray film, appear as light spots on the fluoroscope
screen. Because defects appear as light spots on a fluoroscopic screen, they are
easier to see. However, because of eye strain and fatigue the defects are hard to
define and interpret. For this reason, it is necessary to restrict operator reading
time to eliminate these two factors.
Successful fluoroscopy is directly related to brightness, visual size, contrast, and
speed of sight.
• Brightness is the amount of light that is emitted by the fluorescent screen.
• Visual size makes reference to the operators distance from the screen. As the
operator distance from the screen increases, the size of the image decreases.
• Contrast refers to the difference in light intensity on the screen showing a
difference ' specimen thickness.
• Speed of sight ' s strongly influenced by human experience and mental reaction
time. The speed of any visual examination is therefore directly affected by
these factors and the accuracy required of the examination.
Other factors that will effect the use of fluoroscopy;
• Commercial fluoroscopic screens vary in their ability to produce a sharp image
according to their thickness, crystal size, chemical composition, radiation
response and processing.
• The screen must be protected from all radiation (including scattered radiation)
which provides no information, but serves to obscure detail.
Turn to the next page.
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Fluoroscopy is used most effectively with low voltage X-ray equipment
(100 to 150 kvp). Higher X-ray voltages are not effective in increasing the
fluoroscopic illumination since the increase in tube loading requires larger focal
spot sizes and reduces X-ray sensitivity.
Other more advanced methods of fluoroscr,py, use television equipment for monitor-
ing the specimen being observed. Two types of television systems now being used are;
1. Image intensifier with television monitor.
X-rays passing through the specimen, form an image on the element of the image
intensifier tube. This image is converted to electrons which are electrostatically
accelerated and focussed upon a sm711er output element. The new brighter image
can then be viewed directly or picked up by an IMAGE-ORTHICON camera and
presented for viewing on a monitor. This equipment can produce an image 3000
times brighter than the original.
c
IMAGE
INTENSIFIER TUBE
OPTICAL TRAIN
^ r -
:rECIMEN	 i I	 OBSERVER
X-RAY	 IMAGE
MACHINE	 ORTHICON
CANIERA
MONITOR
c	 Turn to the next page.
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2, X-ray sensitive vidicon television camera with monitor. The X-ray sensitive
vidicon systems is similar except that its input window is directly on the X-ray
sensitive vidicon camera. The window is made of beryllium and its target is
selenium.
X-RAY BEAM
iPECIMEN	 VIDICON CAMERA
MONITOR
X-RAY MACHINE
There are many other applications where fluoroscopy can be used to advantage in
Inspection of materials from thin plastics to heavy steel. It can be used for inspec-
tion of mechanisms-in-motion and simultaneously record the dynamic images on film.
Turn to next page.
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Xeroradiography
Xerography, a dry photographic process using an electrostatic system for copying or
reproducing an image, has gone X-ray. This relatively new system is called Xero-
radiography (the X sounds like Z).
For those of you 'Chat are not familiar with the Xerographic process, let's build a
picture that will help you understand it. Suppose we take a thin sheet of ai wninum
about 10 inches wide and 12 inches long and apply a thin coating of selenium (a non-
metalic element resembling sulfur) to one side of the aluminum plate. The selenium,
with an electrostatic charge applied to % is light sensitive so that in a dark area it
will hold the charge, but if exposed to light the charge will decay. This decay will
also occur if the selenium is exposed to radiation. The rate at which this electro-
static charge will decay is directly proportional to the amount of light or radiation to
which it is exposed.
Now, let's take this selenium covered aluminum plate with an electrostatic charge,
place it under a specimen and expose it to X-radiation. The radiation will pass
Turn to the next page.
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through the specimen and expose the plate by decaying the charge on it. The thick-
ness and density of the specimen determines the amount and intensity of the radiation
reaching the plate.
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The result of the exposure is an invisible image made up of electrostatic charges.
The invisible image on the exposed plate may be revealed by depositing a special
powder on the plate. This powder is attracted to and held by the electrostatic
charge and thus forms a visible image of the specimen.
Since the image may be developed within seconds after the exposure, the test results
may be observed without delay. If a permanent record of the test is required, the
image on the plate can be transferred permanently to a sheet of paper with no loss of
quality.
Turn to the next page.
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By using an electrostatic charge or an adhesive type paper, the powder image is
transferred to the paper. Then, by applying heat, the powder is fused to the paper
for a permanent record.
There is almost no limit to the number of times the metal plate may be used if the
plate is cared for properly. After the image has been transferred from the plate to
the paper, the plate can be cleaned with a soft cloth or brush to remove the excess
powder using care to prevent scratching or marring of the plate surface.
Flash Radiography
Flash radiography (pulse-type) uses very high current, high intensity, X-ray
equipment.
It is often necessary to stop (radiograph) the action of rapidly moving objects or
equipment such as explosive charges. A technique known as flash radiography is
used very effectively for this purpose. The figure below shows a simplified suhe-
matic diagram of flash radiography system.
TRIGGER
PULSE,,
i
CAPACITOR
POWER
SUPPLY
Turn to the next page.
From page 5-31
	 5-32
The capacitor, charged to a high voltage, is connected to a special X-ray tube that
has a cathode controlled by a trigger electrode. To discharge the capacitor, an
electric pulse is applied to the trigger electrode. A high current flows to the anode
and an extremely high intensity burst of radiation results. Very high speed expo-
sures are so synchronized with the trigger electrode that the desired motion, during
the explosion (or other speed occurrence) may be radiographed regardli.as of the
effects of motion, light or smoke.
Stereoradiography
Stereoradiography is simply a method of determining, with more accuracy, the
location of a flaw within a specimen. The process requires that two radiographs be
taken with the X-ray tube (or isotope) position being changed for each exposure. The
distance the camera is moved between shots must equal approximately the distance
between our eyes. Then when viewed by an observer, the stereo effect will help in
determining the spatial position of an internal flaw. '
Microradiography
Another variation among many, is microradiography. The purpose here is to be
able to enlarge the radiograph such that the microscopic composition of the specimen
can be observed.
In practice, a very thin piece of metal is placed in direct contact with a fine grain
film and exposed with a low power X-ray. The resulting radiograph can he viewed
through a microscope where it is possible to determine the distribution of various
component metals of any , alloy and how well they are mixing together during
formation.
Turn to the next page for a short review.
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SUMMARY OF C HAP rER 5
First
	
Two types of screens are:
1. Lead
2. Fluorescent
Second	 The lead screen is a filter. The fluorescent screen is an intensifier
(produces additional exposure of the film).
Third	 Film and screens must be in intimate contact with each other. (Nothing
separating them.)
Fourth	 Two types of film containers are:
1. Film holder
2. Cassette
Fifth	 The primary function of any film holder or cassette is to:
1. Prevent film damage
2. Prevent film exposure to light
Sixth	 A penetrameter is a small strip of metal used to check the quality of
the radiographic technique.
Seventh	 The penetrameter thickness is usually not more than 2 % of the specimen
thickness.
Eighth	 The number on the penetrameter indicates the specimen thickness not the
penetrameter thickness.
Ninth	 The three small holes drilled into the penetrameter are 1T, 2T, and 4T
which means that their diameter is: (1T) equal to the penetrameter
thickness, (2T) twice the penetrameter thickness, and (4T) four times
the penetrameter thickness.
Tenth	 The penetrameter material must be similar to the specimen material.
Turn to the next page.
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SUMMARY OF CHAPTER 5 (Continued)
Eleventh	 The penetrameter outline and hole images are a means of checking quality
of the radiograph.
Twelfth	 The step wedge has two specific purposes, they are:
1. To prepare a technique for future tests.
2. Used to test developer activity daily.
Thirteenth Other special equipment used in radiography:
1. Fluoroscopy
2. Microradiography
3. Stereoradiography
4. X-ray sensitive TV
5. Xeroradiography
6. Flash radiography
Turn to the next page for a chapter review.
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From page 5-34
1. Lead foil screens are placed both in front and in back of the radiographic
3. screen
4. Name two containers for film.
	 1.	 Film
2.	 C
6. specimen
7. The penetrameter material must be similar to the material of the
being tested.
S, . safety
10. has the distinct advantage of direct viewing without having
to process film.
t
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1, film
2. List at least three defects that could be found on a lead screen.
1.	 2.	 3.
0
4. holder,
cassette
5. The main function of a film holder or cassette is to prevent exposure to
and damage to the film.
7. specimen
8. The penetrameter image and hole images should be visible on
the
0
10. Fluoroscopy
Turn to page 5-38.
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Holes	 Wrinkles
2. Scratches	 Folds
Dirty
3. Careful inspection of the lead 	 should be made by the
radiographer before each use.
Return to page 5-35
frame 4.
5. light
6. Penetrameter thickness identification, denotes the minimum thickness of the
being tested.
Return to page 5-35
frame 7.
8. radiograph
9. The isotope source changer was designed and is used with operator(s)
s	 as its prime concern.
Return to page 5-35
frame 10.
Turn to page 5-38.
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You have just completed the third volume of the programmed instruction course on
Radiography.
Now you may want to evaluate your knowledge of the material presented +n this hand-
book. A set of self-test questions are included at the end of the book. The answers
can be found at the end of the test.
We want to emphasize that the test is for your own evaluation of your knowledge of
the subject. If you elect to take the test, be honest with yourself - don't refer to the
answers until you have finished. Then you will have a meaningful measure of your
knowledge.
Since it is a self evaluation, there is no grade - no passing score. If you find that
you have trouble in some part of the test, it is up to you to review the material until
you are satisfied that you know it.
,P	.,
k
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SELF-TEST
VOLUME III
1. Two electromagnetic waves (rays used in radiography) are identified as
rays and
	 rays.
2. Three requirements for X-ray generation are:
Have a source of
Have a means of propelling the electrons at high
Have a	 to receive the impact of the electrons.
3, Characteristic X-rays are of significantly more value to radiography than
continuous X-rays.
True
False
4. The heated cathode (filam - ,nt) furnishes the source of
5. rays are produced by radioactive decay and not by electron
bombardment.
6. IdeAtify the following:
	
Q e
 e e
	
+
Q	 e e ++
	
4	 g
4.
6
2,	 5.
3.	 6.
7. A high voltage charge on the anode of the X-ray tube provides a means of
accelerating the electrons toward the
	 0
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f Short wavelength X-rays nave high energy.
True
False
9. (Continuous / Characteristic)	 X-rays are produced by the action of
a bremsstrahlung (slowing or stopping) effect on the electron by the atom nucleous.
10. Long wavelength X-rays have high energy.
True
False
11. To increase the wavelength, (decrease/increase)	 the voltage
on the tube.
12. (Direct/Alternating) current flows first in one direction and then
the other.
13. To increase the penetrating power, (increase/decrease) 	 the
voltage on the tube.
14. Which are the most penetrating rays:
long wavelength rays?
short wavelength rays?
15. To increase or decrease the electron flow across the tube, the operator must
increase or decrease the	 (ma) on the tube filament.
16. To increase the intensity (number of X-rays emitted) it is necessary to increase
the	 flow from the filament to the target.
17. Identify the following:
T-3
1.
2.
3.
4.
18. The anode is the	 (positive/negative) electrode.
19. The target and the anode are made of the same metal.
True
False
26. The focusing cup forms the end of the 	 and houses the filament.
21. The
	
is imbedded in the end of the anode.
22. A	 (positive/negative) charge is placed on the cathode.
23. The part of the cathode that directs the electrons in a path towards the target
is called the
	
cup.
24. X-ray tubes are cooled with:
1.
2.
3.
25. High atomic number, high melting point, and high thermal conductivity are
essential characteristics of X-ray tube
	
material.
26. The	 cycle determines the work load that can be placed on an
X-ray tube.
27. The	 is a tungsten wire coil that, with current applied, gets
very hot and serves as an electron source.
6-r
(exposure time28. The duty cycle is generally expressed as a
versus total time) .
a. temperature
b. time
c. percentage
d. average
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29. Name the two electrodes in the X-ray tube.
1.
2.
30. The focal spot and the focal area are the same.
True
False
31. The dissipation of heat in an X-ray tube is a critical item in determining the
duty cycle.
True
False
32. The focal area size and the tube cooling system will determine the voltage that
can be applied to the tube.
True
False
33. A large focal spot is most desirable in an X-ray tube.
True
False
34. The material that is bombarded to create X-rays is the cathode.
True
False
35. The focal spot size is partially controlled by the angle of the target.
True
False
36. The stepdown transformer is also called the 	 transformer.
37. List the three types of transformers required in X-ray equipment.
1.
2.
3.
38. Do all X-ray machines require the same voltage input?
Yes
No
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39. The step-up Lr a.nsformer is also called the	 voltage transformer.
40. Is commercial power always available in the correct voltages.
Yes
No
41. The	 is used to change or compensate for incorrect voltages supplied
by commercial sources.
42. A relatively low voltage is required to heat the tube
43. The high voltage transformer supplies high voltage to the:
a. Filament
b. C athode
c. Anode
d. Radiator
44. The filament transformer is a step 	 transformer.
45. On the X-ray control panel three controls are available, two of them are:
	
1,	 control
	
2.	 control
46. The	 furnishes power to the primary winding of both the high volt-
age and filament transformers.
47. (ma) stands for
48. (kv) stands for
49. Current flow through the tube is controlled by the current applied to the
filament.
True
False
50. If the tube current is doubled, the X-radiation emitted will also double.
True
False
51. It is necessary to set the timer before the X-ray equipment will operate.
True
False
SNOW
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55. Identify:
T-6
52. The tube kilovoltage determines the penetrating power of the X-radiation.
True
False
53. The milliameter helps the operator to select the tube
	
desired.
54. Alternating current +	 = Direct current.
= Alternating or Direct current?
= Alternating or Direct current?
56. When the X-ray tube performs its own rectification, it is called:
a. Tube rectification
b. Self rectification
c. D. C. rectification
57. Within the range of the tank 'type units there are three major divisions:
1. The center-tap
2. The grounded
3. The grounded
58. Will current flow in both directions through a rectifier tube?
Yes
No
59. Self rectification is the simplest method of rectification.
True
False
60. Which of the two waves below are products of half-wave rectification?
1-
2.	 Ch ck the correct one.
•
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61. Which is best for radiography. Check one.
1. A pulsating voltage
2. A constant voltage
62. A Betatron, Resonant-transformer, and Electrostatic generator are:
1. Van de Graaff insulators
2. Special electron accelerators
3. Low voltage X-ray equipment
63. The control panel has a	 installed to control the duration of the
radiographic exposure.
N^. r
64. Name two types of rectification we have discussed.
1. wave
2. wave
65. Current that flows in one direction only is called	 current.
66. In a rectifying tube (mode) the current will flow in 	
_ (one/two)
direction/s.
67. A	 is an electromagnetic device for changing the voltage of
alternating current to a higher or lower voltage.
6 S. In full wave
	 , the current flows through the tube during the
positive and negative half cycles of the alternating voltages.
69. rnm isotopes we get:
a.. X-rays
b. Gamma rays
70. No external power supply is necessary.
This is an advantage of:
a. X-ray source
b. Gamma ray source
71. The radiation cannot be turned off.
This is a disF, —`antage of:
a. X-ray source
b. Gamma ray source
and m
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72. Would it be possible (without knowing the source) to tell the difference between
X-rays and gamma ; ays of the same energy?
Yes
No
73. The time necessary for a radioactive source to decay to half of its original
activity strength, is called
74. The shield case assembly houses the radioactive
75. List the three requirements necessary when selecting an isotope for a specific
task.
1. A
2. E	 E
3: H
	 — L
76. List in order of their equivalent energies the five isotopes studied.
I..
2.
3.
4.
5.
77. E	 Energy is the term given an isotope rating when compared to
X-ray peak voltage.
78. The radioactive isotope is inside the storage pig wheh the
	 light
is illuminated.
6't
a. Stored
b. Open
c. On
79. Kv and mev are abbreviations for k
e	 v
.;	 _	 J
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80. Which of the lights is illuminated when the source is fully extended to the end of
the cable?
a. Stored
b. Open
c. On
81. It	 (is/is not) necessary to encapsulate (enclose) all radioactive
isotopes.
82. Name two kinds of screens.
1.
2.
83. Select the correct answer: Screens should be:
a. Separated from the film by a sheet of clean white paper.
b. Separated from the film by at least 1/8th inch.
c. In direct contact with the film.
d. Separated frora the film by its cardboard backing.
84. How often should screens be inspected for flaws or dirt?
a. Daily
b. Each time they are used
c. Occasionally
d. When flaws are detected on the radiograph
85. 'List three flaws that will destroy .he usefulness of the screen.
1.
2.
3.
86. List two types of containers for film.
6r
1. F
	 H
2. C
87. List two purposes of film containers.
1. Protect film from
2. Protect film from
r
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88. The penetrameter must be made of a metal that is different from that of the
specimen.
True
False
89. A penetrameter is a small strip of metal used to check the quality of the radio-
graphic technique that is used.
True
False
90. Identify the diameter of the three penetrameter holes in terms of the
penetrameter thickness.
1. T
2. T
3. T
91. The number on the penetrameter indicates the:
1. Penetrameter thickness
2. Specimen thickness
92. Other than X-ray and isotopes, add to the list below at least one more process
that can be used in radiography.
1. Xeroradiography
2. Microradiography
3. Vidicon
4.
END
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ANSWERS TO SELF-TEST
Page No.
Ref.
1. X-, gamma	 1-1
2. electrons, speed or
velocity, target	 1-4
3. False	 1-13
4. electrons	 1-7
5. Gamma	 Vol I
6. 1. cathode 4. target	 1-7
2. filament 5. positive charge
3. electrons 6. anode
7. target	 1-8
8. True	 1-21
9. Continuous	 1-16
10. False	 1-21
11 decrease	 1-23
12. Alternating	 1-27
13. increase	 1-23
14. short wavelength rays	 1-21
15. current or milliamps	 1-24
16. electron or current 	 1-24
17. 1. focusing cup	 2-3
2. vacuum
3. glass envelope or
housing or tube
4. window
18. positive	 2-6
19. False	 2-6
20. Cathode	 2-10
bow
21. target
22. negative
23. focusing
24. 1. water
2. air
3. oil
25. target
26. duty
27. filament
28. percentage
29. 1. anode
2. cathode
30. False
31. True
32. 'Prue
33. False
34. False
35. True
36. filament
37. 1. Autotransformer
2. Filament or stepdown
3. High voltage or step-up
38. No
39. high
40. No
41. autotransformer
Page No.
Ref.
2-11
2-10
2-10
2-19
2-18
2-22
2-20
2-22
2-3
2-26
2-22
2-26
2-26
2-11
2-26
3-4
3-4
Chapter 3
3-4
3-2
3-6
Page No.
___Ref.
3-8
3-7
3-8
3-14
3-6
3-16
3-15
3-16
3-17
3-21
3-15
3-17
3-27
3-27
3-35
3-36
Page No.
Ref.
64. Half 3-40
Full
65. direct 3-33
66. one 3-40
67. transformer 3-4
68. rectification 3-42
69. Gamma rays 4-5
70. Gamma ray source 4-8
71. Gamma ray source 4-9
72. No 4-6
73. half-life 4-24
74. source or isotope 4-29
75. 1.	 Activity 4-23
2.	 Equivalent Energy
3.	 Half-life
76. 1.	 Cobalt	 4.	 Iridium 4-27
2. Radium
	 5. Thulium
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ANSWERS TO SELF-TEST (Continued)
42. filament
43. Anode
44. down
45. current, voltage, or timer
46. autotransformer
47. milliampere
48. kilovolt
49. True
50. True
51. True
52. True
53. current or milliamperes
54. rectification
55. Alternating current
Direct current
56. Self rectification
57. 1. ground
2. anode
3. cathode
58. No
59. True
60. No. 2 is half-wave
rectification
61. A constant voltage
62. Special electron accelerators
63. timer
•
3.	 Cesium
77. Equivalent 4-15
78. a.. Stored 4-31
79. kilovolt or thousand volts, Volume I
and million electron
volts
80. c.	 On 4-31
81. is 4-32
3-21
	
82. 1. Lead	 5-1
2. Fluorescent
3-40
3-35
3-41
3-45
3-52
ANSWERS TO SELF-TEST (Continued)
-13
Page No.
Ref.
5-3
Page No.
Ref.
83. c. Indirect contact with
the film
84. b. Each time they are used
85. dents, scratches, holes,
folds, dirt, oxidation,
wrinkles
86. 1. Film holder
2. Cassette
87. 1. damage
2. light
88. False
89. True
90. 1. 2T
2. T
5-4
5-4
5-9
5-9
5-13
5-13
5-16
3. 4T
91. Specimen thickness
	 5-14
92. Stereoradiography, Flash
	 5-23
radiography, Fluoroscopy.
•
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